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Atmospheric Transmittance From 0.25 to 26.5 pm.

Computer Code LOWTRAN 3

Tb.h, riwid for pred! ictang tiit: t i -.1Is '1, it?, aincu 01 I he atl [Vogmi~r' t 4 1i r j )i

spect cl rinte rvrl at lowA resolution is riot a tie%% uric., rind flu .i.g. ore? hels hiive hceer

proposed to do this. A mnajor prolule o w ith i'lost of tole tuchiiriqto's i' thai thc: a r'

difficult tc. apfilv. In order to a'levratc this s~tJitu L1 Ih n d to provide a f~iirl\ aeco-

rtSi mph('. In rap), 'AA\ oh eCt i rOting at'11OSPh riL t tran~~ iitt ..nce in thle, 0.'2:1

to 28.5 ýýni regioni an e.murric-.il ,zraiphicarl prediction scleme wa de, isedi tsing

son~ie techniques ortignillv suggested by A Itshriier. Filhe predicrtuion soetIs

bassed rnan rilv onr recenrt Iahorato-v ~rrzonto- rannreis-omple iriented tby

ustirig ivail :tbe the theoe rtical I molecular1- lint constanlts inn.n v ileIrai ii

tancc cJIcur'at tors, arid is n resented hiY Pt rt- hhe 1 I,-

liecau!usi of thre Isarge .. mouut of Interest shownl in tills work, it wa~s 'iecoel ruet

comiputertr74: the, predict iou scherenr anrd to digitize thle rt tidCurves, ti os -

nuit1taree, Iturr"'tunrs, arlid nýodel atnrosijhir-es contained in \lc lTttchev et al. which

focrnil thle h-ISis of Li VA 1HRA N I.

ilieuveivcd for- punirriictior h6 Ni~i% (7 lOii

1.Altshuler. 1'. I1.. i'lPU I Infra red T ruins mitss ion aind liac g rounid Rian r.tiorn b\
('leair Atmospheres. uL TR-epoXrt UI SI2 1 r co1.~

2. Xicrlatchre~v It. A.., I enni. It. %k 1' elv . . A. . V017. 1 .L. . anid Clu:In-rg 1
97 Lý 2LtiallPropedrtes of the Atmosphere lihi rd idit roni * Al ('HI -1 2-0 0 7*
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The I ortr~ir conp~itur- code IA )\\ I? I\% '3 i.s duicginrd to 'lilthc tire tas-

ni~t inee werrpe a 20 cni Iinterval) for i givenoiiimp eric pt? zit

steps of 9Carl from 350 to 40. (00 cm (0.29 to 208.5 pin ho otl six

model atmos~pheres I-. Vivuri .% ith :III optioll for I sevenuth model ;mic :11 Illii-

Ser-ted :is , sct of rrid osowde d~iti. Aecrosol Ittel Unitioll is ki:Ilcni.tcil for a L c

vISd rsuul ge based ollil an inter'pol'itlor; ex ai nSetIZUlie usitig t\o 0lie rSOl

nioduis (Sec S-ct'on 1.'

Thel( computer- code I IM I'lA V \ I s llpc rstcdus two C-11ey ri ir' ve -i s (it the( pro-

gr -.. reirel, 1i -1A 1, N 1 13:it IA (' l\k \ 2.` 1 i )\% U T \ Ix is -i e ior fwit iri

of the Il. M' F HI N 2 ( omuliiit e code. rid 11:`W iiC-esarl iipLi~tiifig (If tile orlgi 11:11 (Lit I

its wkell as giving r~iore flexibhihtY to thef user. Thie di ffoi'Ciictcs bet;ývvii thle two

prot-ir-mis wi~ll lie ilescrilicd ill det il or the following S;ections.

I-Or Iher,.zontal pata.- ti'misllnittlnewe cal~culations ilirrler ii ii-t~inITd~ii condiitions,.

the uiser Call spe-&I. hIl (".an nicten rolog i cal cord !itmions. I r :ic0 amint of -xit c

VIper- in the path Is c:ilIiu'1:ted ill I i)AMTlý \' 3 JIIj U101Cethe dt'A potint tQljeInl'r:!ttIIie

or- knibicrit teorpe ratu re antd rel'ative iundit .whochever tile liu u specij lis, I.c

The c irii sequence ntumbierinig -; steri used illI A\l 2 lirs i'czui preserve~dI

so thait worKe'S whIo arc iirca~i) risinig I.A M' Il V\ 2 c~in ilwl(ite thir ciu -rd dvciks-

,Aith i nii~wimun of effort. \ll rh',n ; and diir<to the lIt~er pvi'igr~n) a.

been :ndicated lix- i SIriihol. (for ex inpie. I" 1C'(*e -t ia)a 0 irs an oti -

gina ii sequlence nuii n ier i sot A ppend ix

Xe Aill fir-st brief',,% descric heile t hiorx- and input ciat, ii-ed Ini thle rorr

Gene r-l i nstre-etioris for us ing I .( MA '1 hI \ N i Iar-c 1uivfr 1i in ý-ert oii \~ serieS (,f

examriples illiistr itiv tile "i-npt d~it i rici css~iv for :101k-i nCaviot or (*\pi c:i

computer code anid d, di is gIV iiil Xppe!idi X . uperer i - 1-iii ii

(Appenidix 10I and ,deltrnition of svnihols; .\pperm(d!\ 1)). .,\I iterative refracwtion

s.~ it-i ieseA !'ir one pairtxieul arippiIwcrtion of ttire vroc rwi (see Sectio 6~I.0 i; I

deq-c rihtec iil Appendix C. *i:x imples; of it mospheric ti-arnisitt:i nc -upect ra oh -

tamned fr-an 1.1(M'I 1 11\ : 3 together vcith~ roirip:i ri1s-ons Nkitli lIkhoratorv oid field

nMeuSU renifirts a re g ive in r Sect ion 7.

If a nv di sc-repa ncr s ire encoliuite red Ini the prog ri 'ru wev on Ipp rcc :iteI

otii ctio inwi-i tinrg.

3. \lArile;. i. P'. Sr.-ithi. 11. 1. 1).. Treve, i M.. ( :',pvnter. i.'. )cgpes. T. C.
hoani. .1'. (1 OT1) t)PlIl 11, A CI -ANT 1- 0 52,18 iol1. 2 k- :1

Il7 01'' I()I'TII( I I Al CIAxI .- TII-73--0217. and 04')l
l9-4N ()1il ? fill,,t A-\I (-[III - 8 7 - 3

4. Selhk. 1I- F.A. arid \I('lrtclthc\. I. A. k]0'7211 .tiiiospliric Transniitt~inee
frovm 0.25 to 287ý urnT- Conip ter Code I MT(\\fl7N 2 UII-2t7



2. MOJDEL ATMOSPRERES

Tho altitude, pressure. tempera'ure. water vapor density, and ozone density

for the U. S. Standard Atmosphere and five seasonal model atmospheres, as well
as the nuit~iber 3f particles per cm 3for two haze models - corresponding to sea

level visual ranges of 5 and 23 km - are provided as basic input data for L-OWk-

TRAN 3. The model atmnospheres correspond to the 196i2 U. S. Standard Atmo-

sphere' and the five supplementary models: that is. Tropical (15'N), Midlatitude
Summer (A5 0N. July), Midlatitude Winter (45%. January). Subarctic Summer i60'N.

July). and Subarctic Winter (60'N, January). The different models are digitized

in 1 km steps from 0 to 25 km, 5 km steps from 25 to 50 km, then at 76 km and

100 kmn directly as given by McClatchey et al.2

The water vapor and ozone altitude profiles added to the 19162 t'.S. Standard

Atm~osphere by M~cClatchey et al were obtained from Sisseriwirie et al 6and

Herring et al7 respectively, and correspond to mean anmral values. The water

vapor densities for the 1962 U1. S. Standard Atmosph~ere correspond to relative

humidities of approximately 50 percent for altitudes uip to 10 km., whereas the

relative humidity values for the other supplementary models tend to decrease

with altitude from approxi.riately go percent at sen ic-.cl to appi-5Ljiruaieiv 30 per-

cent at 10 km altitude.

In addition to the model atmospheres provided in this report, the user has the

option of inserting his own nicdel atmosphere [specifically designed for direct in-

sertion of radiosonde data (see Section 6.9)). or of building another model by
combining various parts of the six standard models (see Sectien 6.10).

One major difference between LOWTRiAN 3 arAi 1,OWkTIAN 2 is that the

reader no longer has to look up the saturation xapor Iensity of water (from Table 1

in Selbyand McClatchey ) when using meteorological data as input t, tiie program.

In -OWTRAN 3 the actual water vapor density is calculated for ,I given ambient

t-cmnpcrat-ure and relative humidity or dew point temperature using the following

tmpiricv'! expression for the saturation vapor density:

F(t) =A exp (18.9766 - 14,9595A - 2.4388A,~2 gm i

5. Valley. S. L.. . Ed. (1965) HadokfGepyisand ____ Evrnmns
AFCPL . ~Go~isad~pc niomns

6. Sissenwine. N.. Granthan,, D.D1. * Salntela, H.A. (1968, Humidity Up to the
Me:aopause. AM'CRL-68-0550.

7. Herring, W. S. , and B~orden. T. Ri. (1964) Ozone Observations Over North
Arnerica. AFCIRL-64-30, Vol. 2.



I
V .ere

A -2 273.15/(273.15- t)

and

t is given in °('C

The above expression was found to give :• good fit to published values of sat-

uration water vapor dersity measurec over water to better than 1 percent for

temperatures between -50'C and 5 0'C.
If t is the dew point temperature then F(t) gives the actual water vapor den-

sity directly at the corresponding ambient temperature. If I is thf ambient tcm- I
perature then the water vapor density is given by F"(t) X 1111/100 where Rli is the

percent relative humidity.
Thvs the user has a choice of ineteorological parameters necessary to

specify the amount cf water vapor, that is, ambient temperature and relative .

humiuity, or dew point temperature, or water vapor density. The procedure for

inserting radiosonde data into the program and the necessary formats are des-

cribed in Sections 5.3 and 6.8.

j. ATMOSPIII(R: CONSTITILI'S

3.1 Ainmi~iachrii- jaiws

It is assumed in this report that mixing ratios of the gases, C .02 N 2 0, Ciu4 ,

C') N 2 . and 09 remain constant at all altitudes at the following values: 330,

0.28. 1.6, 0.0;5, 7 1005 >° 10' and 2.095 >- 105 parts per million respectively.

These gases as iý whole, with the exception of nitrogen. will be ieferred lo as the

uniformly mixed gasfes.

Absorption coefficients for water vapor, ozone, and the cornt.,ied effects of

the uniformly mixed gases were digitized from the spectral _,wrves (Figures 16-

2 2S1 hy M'cC'latchey et al and are included as data for t,)WTIIAN 3. The trans-

mittance spectra fron) which the coefficients were derived were first degraded
-| -1

in resolution to 20 cm and the data points were digitized at steps of 5 cm

For the ultraviolet and visible ocoie bar-is (see Mc'latche'y et al. F'igure 260.2

the absorption ,oefficients were digitized at 200 crn and 500 cm-I intervals

respectively.

8. List, R. ,J. 0l16R) Smithsonian Meteorological Tables (6th revisad edition).
Smithsonian Institute Press, Wshington.
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There has been one modification to the spectra! data fcr water vapor in the

2.7 prm region (since LOWTRAN 2 was publtshed) based on a more recent review

of available experimental measurements. The above modification leads to slightly

higher atmospheric absorption by water vapor in the 2. 2 to 3.4 jim spectral region

than given by LOWTRAN 2.

3.2 Continuum Abvoreftua

Absorption coefficients for the water vapor continuum near '0 Am and 4 Pjm

in LOWTRAN 3 are based on iaeasurements of Burch et al. McCoy and Rensch,

and Bignell. 9-13 The effect of absorptiort by the water vapor continuum between
14 pim and 28. 5 gm has not been included at this time because there is insufficient

data in this region.

The continuum due to collision induced absorption by nitrogen in the 4 P m

region is included in LOWTRAN 3 based on the measurements of Reddy and Cho1 4

and Shapiro and Gush 15 (see also McClatchey et al 2).

In all cases the transmittance due to continuum absorption is assumed to

follow a simple exponential law.

3.3 Moi.u at Scattenng

The absorption coefficient due to molecular scattering, C6. is introduced

into LOWTRAN 3 via the following expression:

C6 : 9.87 X 10-20 v4 km I

where P is in wavenumbers (cm-I

The above express-on was obtained as a beat fit to molecular scattering co-

efficients published by Penndorf and is shown in Figure I together with the

aerosoi extinction coefficient.

3.4 Aero" Modela

Two aerosol models are incorporated into LOWTRAN 3 and correspond to

visual ranges of approximately 5 km and 23 kin at sea level. tHowever, an aerosol

attenuation for any visual range is calculated by LOWTRAN 3 using an interpola-

tion/extrapolation procedure (described in Section 3. 5) which utilizes these two

modela. As these aerosol models are based on measurerm.-ts of continental

aerosol under moderate visibility conditions, they nisy rot be valid for very low

No' included in LOWTRAN 2.

NOTE: For references 9-16, see list of References or, page 63,

I1
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Figure 1. Attenuation Coefficients for Aerosol Transmittance
(Absorption and Total Extinction)

visibility condtions less than 2 kmn. Reported low visibility conditions less than

2 kmt are probably representative of fog conditions. In this case, the LOW TRA N 3

results will tend to underestimate the attenuation (overestimate the transmittance)

in the infrared and overestimate the attenuation in the ultraviolet. A more realis-

tic result can be obtained by assuming the attenuation to be wavelength independent

(see McClatchey, et al. 1972, p. 79) and assmning that the aerosol attenuation

provided by LOWTRAN 3 at 5500 I is also valid throughout the infrared and n ar

ultraviolet. The application of this "fog model" should only -e applied to the low-

est few hundred meters above the surface. In IIJWTBAN 3, a message will be

printed out to warn the user in the event that results are required for sea level

visual ranges less than 2 kmi. The two aerosol models are baseed on the following

assumptions.
17, 18

(1) A particle size distribution similar to !)eirmenlji; n's Iiaze Model C.

but where the large particle radius cutoff has been extend-id 7o 100 ,irn (compared

17. Deirmendjian, D. (1964) A2pp. Opt. 3-187.

18. Deirmendji'n. D. (1969) Electromapnca-tic S.caierint c.S %freri.ral _-:lvdis.-
persions, American El5e7ir}flZ'7"•'2.
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to 5 pm in lt irmendjian and 10 gm in McClatchey et al 2 and Selb" and

McClatchey4 I.
S(21 The particle size distribution i-3 ass•umed to remain constant with altitude.

(31 The variation of aerosol number density with altitude is assumed to be

the same as previously given b)y McClatchey et a] for the 23 km visual range

model. The latter aerosol number densities were adjusted to give extinction co-

efficients at a wavelength of 0.55 gm that corresponded to those obtained by
19.20

Eltermari at each altitude.

(4) The vairiation of aerosol refractive index with wavelength has been ob-
tained from measurements by Volz21 elby), who

Voz (see also %McCiatcheY and Sebhas found that aerosols are composed of water-soluble substances as well as

dust like material.

Aerosol extinction (C7) and aerosol absorption (r"iA) values '.ere calculated

based on single s -atterinp Mie theory using the above aerosol size distribution

and refractive index values (assrr.ing the aerosols to be composed of 70 percent

water-soluble substance and 30 percent dust-like substance, which appears to be

representative of continental aerosol), l'igur. I shows the variation of the calcu-

lated aerosol extinction and abscirption coefficients with wavelength, In LOW-

THAN 3, (C7) and (('7A) were digitized directly from I igure 1 at discrete wave-

lengths (see Appendix A and Table A2).

The above nerobol model replaces the empirical function previously used in

LXOWTIAN 2. Figure 1 can he used to calculate aerosol extinction and absorption
2

ii the same way as described in Mc~latchey et a] and replaces Figure 22 in the

latter reference.

3i.5 .,n•u~nl Inlet polation/Ext rspohation Sckhe-me

The total extinction coefficieit u_,. at 0.55urnm is inversely proportiona! to

visual range. VIS. and can be w, itten as follows (Middleton
2 3 ):

= U - 3.91
T a m VIS

19. llterman, L. (1968) UV, Visible a:.d Ill Attenuation for Altitudes up to
50 kim, A F.CHL-68--OM-3.

20. Elterman. L. 01970) Vertical Attenuation Model with Eight Surface Meteoro-
logical Ranleo 2 to 13 km, AFCRjL-70-0Z00".

21. Volz, F. E. (1972) Appl. Opt. 11:7r.

22. McClatchey, H. A. , and Selby, I. E. A. (1974) Atmrmphi:ric Attenuation of
Laser Radiation from 0.76 to 31.25 grn, AFtI7,-T•H74- ,

23. Middleton. W. E. K. (1952) Vision Through the Atmosphere. Univ. of Toronto
Press.
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assuming a 2 percent contrast threshc'.J where the suffixes a and m refer to the
aerosol and molecular components respectively. The aerosol extinction coefficient
can thus be written as

S3.91aa VIS M

Since the aerosol extinction coefficient u is directly proportional to the

aerosol number density N(z). we can write

N(z)= -bz)

where a(z) and b(zl are constants for a given altitude z. It will be noted that

bWzO is proportional to the molecular scattering coefficient at 0.55/jm at altitude

z. where molecular absorption has been assumed negligible at X = 0.55jAm.

The above equation forms the basis for the interpolation!extrapolation pro-

cedure used in ILOWTRAN 3 to deternine aerosol attenuation at any given -a sual

range.

The coeffi'ients a and b art determined from the above equation zit -ach

altitude using the two aerr ol mouels, that is.

a(Z) W .2(Z)1/11/5 -1/21

b)=N (zl/.5 - N(?W/231  11/5 - 1123123 1
where N5 and N 2 3 refer to the number dengities for the 5-kin and 23-kmn sea

level visual ranges. Note that the above procedure is used only in the lower 5 kin

of the atmosphere since the two aerosol models are identical above " km altitude.

4. THEORI

4.1 Rlwc Amump~ino

The computer program L()WTRAN 3 follows almost exactly the procedures

outlined by McClatchey et al. 2 The main assumptions made are that the atmo-

sphei, can be represented by a 33-layer model, and that the average transmit-

tance ' over a 20 cm-1 interval (due to molecular absorption) can be repre.qented

by a single parameter model of the foi m

T = f (C' V () (W•

14
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where ('C is a wavelength (or wavenumber) dependent ,bsorption coefficient and

W is an "equivalent absorber amount" for the atmospheric path, which is defined

in terms of the pressure PWz), temperature T(z), concentration of absorber AL.,

and an e-upirical constant n as follows:

$ P(z) (2)
at = A . ,P T~)

If Eq. (2) is substituted in Eq.(1) and n is set equal to zero and unity, respec-

tively. Eq. (1) reverts to the well known weak line and strong line approximations

common to most band models.

The form of the function f and parameter n was determined empirically

using both laboratory transmittance data and available molecular line constants.

In both cases, the transmittance was degraded in resolution to 20 cm'I through-

out the entire spectral range covered here. It was found that the functions f for

1i20 and the combined contributions rf the uniformly mixed gases were essen-

tially identical, although the parameter n differed in the two cases. Mean values

of n were determined to be 0.9 for 11 20. 0.75 for the uniformly mixed gases.

and 0.4 for ozone.

4.2 Earth (Cn•,ture arid Refraction

In general, earth curvature has a greater influence on the path length {and

hence on the transmittanrc) than atmospheric refraction. For long slant paths

with zenith angles close to 90' in the lower layers of the atmosphere, however.

refractie effects can cause a significant increase in the path length (up to 30 per-

cent for . 90" path to space from ground level). Figure 2 shows the effect of

atmospheric refraction on defining the minimum-, height of a path traijctory forn

space. The miaimuim height referred to here is also known as the tangent height.

In Figure 2, the difference between the geometrical (no refraction) and the actual

minimum height is plotted against tfie actual minimum height for three different

model atmospheres. The sketch in the upper right-hand come- of Figure 2 indi-

cates that there is also a discrepancy in the earth center angle A subtended by the

trajectory, when refraction is significant. The difference A - P' shown in Fig-

ure 2 is equal to the total angular deviation @ of the trajectory due to refraction.

For many applications it is neccssary to account not only for the effect of re-

fraction and earth curvature on the transmittance over a given path trajectory, but

also on the purely geometrical aspects of the trajectory itself. For example, the

total deviation 0. angle of arrival 6, or angle P subtended by the path trajectory

may be required as illustrated in I igure 3. ISA)WTIAN 3 calculates the quantities

t 6, P] and slant range on the basis of a layered atmosphere in the following para-

graphs.

15
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Figure 2. The Diffe -ence Between tUnrefracted and Refracted Tangent Height
Positions as a Fun tioni of Altitude for Three Model Atmospheres Based on
the 33-Layer Mo.d!
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zi

F-igure 3. Ge#neral Schemiatic of a Refracted Path [Varn Altitudes
I-fl to 112 Showing the Angles D~efining the Trajector~y. Initial
zenith angle 0. nt III, angle of arrival j6 at 112. totail angzlar
deviation *and angle subtended b~y path at the ea rth's cento r.

The earth's atmosphere is assumed to he divided into ai series ot concentric-

spherical !ayers for each of which :i mean refractive index is defined. Hlowever.

the :ion-sphericit,% of the earth is taken into account to sonie extent bY using a dif-
ferer., earth radius for each latitude (as3ociated %;ith a given mrodel atmosphere).

Consider the trajectory of a ray passing fromn heights If I to 112 at an initi~al

zenith angle 00 .Let z.i and z.i+ define the boundary heights of a given layver.
ýand let 09. anrd 0 i' be the local zenith angles at the respective boundaries (see
Figure 31. Then at a height of z i 1 ,the angle of refraction is Oi1 * The anlgie

of incidence 0. at height z i+-l can he defined as

Sinai (Roe+ z,) sin , .I /(l,. 4 71+)(3)

17



ApplIving Snell's law at boundary zi.4l, we have

nI sin ot -- ÷1+1 sin 0 . (4

where n and n,, are the mean refractive indices of the layers above z. and

zi÷I respectively.

Substituting for sinai in Eq. (4. we have

n1 (Ito- ziI sin 0. = n.+, i!10 4 Z i-) sin Oi. (5)

It follows from srymnmetrY that

n. i ( "4 zi) sin 0i = n _1 (P_ 4 Z._ 1) Oi

= no (Ito Ill) sin 0°

= const. (6)

Therefore, the angle of r.fraction at an-,' level z can bt-. written in terms of the

initial input conditions and the r,,fractive index no of the layer above III as

sin 0 = 0 (104 111) sin 0f /n (1o -i • (7)

The angle f. subtended at the center of the earth by the intersection of the ray

with the layer zi to z is given by

Thus the t°tal, centei, anlgle subtended by the ray when traversing the atio-
S~sphere from III to 112 is

rn-1

= (91

rn-1I
n I Isin-' {-A!n, ( 4 7 1) sin- A I~n(it0  (10)~

where m is the number of levels between IfI and 112, and A = no (It Ill) sino 0
The angle of arrival 6 of the ray at If2 is giveti by

1 = 80' - sin"' IA/nn_l (Ito- 112)} t1ll

18
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I

The total angular deviation of the trajectory 1 ib given by

,1 4 = - = 0o + 180 . (121

The effective path length bct~ai ivels 7 and zi given by

!)Si = (Io 4 7• 141 sin nt../sin 01 f )r 0°'- 0 < 180' (13)

for 0 = 0' and 180'. D)S. = a 1 - z If we assume that the equivalent absorber

amount per unit path length W Isee '.Ž-ction 4.1) for a Riven gas varies exponentially

with altitude, we can write

z

W dz ii rw -1zi7- (141

where I•I - z/loR,[W• )/(7 , 17 ].-_ The tmount of absorber along-a

path of iength D)S between altitudes z arid z is therefore given by:

I Q

\M' w •ds

D) S z

I1)1

U;~ d 7
7. -

1)5 [•wv, - Hz1,.l)]
l i (J W 15;

The total equivalent absorber arnount ýk for a given atinospheriw path is given by
rn-I

the sum of the \%I values for all layers; that is. __ '.. where m is the

number of levels traversed by the path.

4.3 Refractovr Index of 4ir 1
The following simplified vers=on of I:dlen's expression for the refractive

index of air is used in I '.OWTHAN 3:

60.45)1 PI., 0 347A(n 1 !) 10G (77.4u + -T 1"10 (43.4! ' ,"I

24. Edlen. 1].(1966) Me i L2LOA 2:12.

In



where pli2, and 1' refer, respectively to the partial pressure of water vapor Arid

atmospheric pressure in millibars. T is atmospheric temperature in degrees

Kelvin, and A is the A ivelength in nmicronmeters tp ii).

The above expression has been used over the entire wJvelength ,r'ngc 0.2 to

28.5 irn. in 1-)% THAN 3. Although ldlen's expression for the refr xctive :nd(...

of air is widely used in both the visible and infrared spectral iegions, it is qi•es-

tionable ho% far it should be used into th'. ultraviolet and into the fiir ;nfr-'red

since the formula is based prinarily on measurements made in the vis-,le part

of the spectrum from C.43 to 0.8 prm.

4.4 (Gmrm4ncal Path C(nfiguriaoitwo

VI-en ulsria i.a A•,NI IA 3. the type of atnmospheric path for which .i calcciation

is to be made must be specified according to one of th(. three broad categories

listed below.

TN PFl I. lorizontal path: that is.,a constant presstire path where th(

effects of earth curvature in(d refraction are neg•iiglie,.

"T'YVPE 2. Slant paths between two alt ttides from IiI to 1H2.

T \ P•. 3. S!ant .a..... to p..c. f-o... .. i..i. altitude iii.

The variations within the latter two categories for both upwa.ird auri
0 

downw-ird

path trajectories can be seen fromr Figure -1.

It wll be noted thiit two trajectories are .ossihIe for a given set of a rput

paraniete, a.3. 11* I2. and P for a dow.'na,,rd lovki ig path (T1 Pi: 21. provided t hat

112 lies between ill aind the minmrnurn height. .l MIN.

In most insta nccý. the reader will not be aware that twvo paiths r. pir-s ,l

for a given set of input conditions. I or such cise i ic .(ts , 'i will xcec:ttc

tihe shorter path conai;tion [lagure 4fd)j Aiid print out ,. ,essa•ie to the effect that

the case shown in F-igure 4(e) does cxist. Shnould the re-!de dec.,k- t,,. .•., t.,,

latter case. he need only set the par:imeter I..N equal to unit. and resubmit the

case. This will be seen more cleirlyv from the following section (Also Section 6.4'.

5. INSTRI (710%S FOR I SINGt ..OIR 0: 3

The input data for I.( IW-T:A.N 3 ara, givein in A ppendix A. In gerieral. ii is

only necessary to change the last four caids (referred to here as Nos. 1-4) t in

order to run the program for a given problem. The formats for the last four

cards and their application will next he discussed.

" These four cards were referred to as Nos. 470-47-3 in the IA fTR "i(.\\ 2 report.

20
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5.1 Iipii lial DaInd141 h'.-iai,

The dat~a niecesiiary to specify ak given prouleni a--re Piver. onl tieC laSt fourl

cards as follows

CA 111 1 Hl ~'. ilA/A:. IT\ FL. l.L:N, J.11 E.M, MI, N12. N13. Nil.. HO9

tAE IM El111. 11-2, A NCEL.1: HAVNGL, l;I:.TA. Vl-'I F( 1,M1AT! 0((410. 3))

-.A 1? ) :3 \x1, \ 2, flw FO R NEA T (3P1 10.3))

CA 1l ) 4 1Ni F( NI HAT 113)).

Definitianis of the abo% c quantities will I-f 'iscaissed iii 'Section 53.2.

If the qujantity %. l %1!I: given on (A IML I is set equal to 0 or -7 ý'Nvichi is the

case if nieteorologicul d~ita are Used as input to the programn). then the above

card sequencev (arid format for CARD~l 2) 1is chungel. These case~s will be des-

cribed in St-cti.on 9.3 and examnples for sonic tYpical problcnw~ will hie given in

Sections 6.7 and 641 .

The various qiiantitie!, to be specified or: eac'i of the four- control car J,. (sumi-I

miaii zed in 5.ct ioui 5.01 will lie discussed in this !section.

5. 2.1 ( AUID I NII'MI. 'iil. EY . LE,1% J 11, INl,
NIL. N12. \13. ML., RO

The pairameter Nli WFI . selects one of the six geogrziphi( 1 )dei -itnuo-

spheres or- specifies4 tha~t niete:orologi cal daita are to be useý in pf ice of the stan-

dard models. IIIAZ1' :pecifies .. nether- iieosol attenuation is to be neclurded in

the cailculation or not. Por a~vproblem thec atmospheric path nmust be specified

as one of three types a.ccordingq to ITY PI: anid 1.1,N. The rest of the quantitie5,

g iv en o n CA 1?1) I t (which can hie l-ft bl)ank it' not required) provide tire user with

01pt1ionS to 1Fuppress pri mit ing OP'). to i ntermuix the six starida rd model at mospheres

.1-. 01" "n tuu 111iput a new modelI it mjospheCrc (1%1NI NilI.) . The opt ions for-

the abov-e pairameters and their uses art, stated aind described ini detail helow:

MO! (I.1 =. 0 if nieteorological d-ita ire specified ( for, hiori27onital paths ornlv)t

zI selects I'll" )PICA I. %I( )l) 'I . \I)IIF

2 se t ects %IIDIl.ATI*'IlW>INIM:-,I

3 selects .\IML.ATITt'DI) \k INTIKE(

4 selectc:St 5EAVC11~C ,'I N!\lIEx

5 selects -4t IlAEITIC \\INTI:11

b selects 1962 tS STANI)AMR)

=7if a tiew model atmosphere (or raidiosondt- data) is to he inserted.

t The parameters 111, I NI, etc. given on (A Ill I were not included in I A)WTE1AN 2.
I En thtse caqes the format for C'AM)l 2 changes (see nonstandaird conditions)

Section 5.,3 and examples 7. mind , (Sevction 6.7 and b.8).
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IMAZE = 0 means no aercsol attenuation included i i the calculations.

TIJAZE = 1 or 2 if aerosol attenuation is required (see also CARl) 21.

!f IHAZE is set equal to 1 or 2 and visual range (\ IS) is not speci;Ucd on CARD) 2.

then the program will automaticaiiy select visual ranges of 23 kin or 5 km re-

spectively.

ITYPE = I for a horizontal (constant pressur-e) path.

= 2 fo r i vertical or slant path between iwo altitudes.

3 fo r a vertical or slant path to space.

The TYPE I path should not be confused with a long 900 pat, whiere the local
height of the end of the trajectory is at a signifizant1ly different height. In such a

case, specify the p•,h according to ITYPE = 2 (see Section 5.2.2).
LEN = 0 for normal operatiun of program.

LEN = 1 selects the downward TYPE 2 path shown in Figure 4(e).

The parameter LEN can be ignored (that is, left blank) for the majority of cases.

It need oi.ly be used for a downward looking path (H2 < 111) when t-'o paths are

poisilile for the same input parameters (see Sectior 4.4). In sucn a case, a corn-

puter .:-intout statement will be given indicating that the user has two choices for

t;'e f '.%rn and that the shorter path L•ee Figure 4(d)] has been executed. Set

LE'N 1 for the longer case (an examiple of this is given in Section 6,•A

J,) = 0 for normal operation of program.

JP = 1 to suppress printing of transmittance table (seea Table 1)

JM = 1 when radiosonde data are to be read in initially

IM = 0 for normal operation of program or when subsequent calculations
are to be mrn with MODEL = 7

MI.= number of levels to b-- read in for MODEL = 7

Note that I 0 and MI. ax - only used when MODEL. = 7 and thcn only
on tht first calculation when the data are read in.

M1 1M2 = M3 = 0 to: nor.aal operation of program.

The parameter.s MNl M2. and M13 can earch take integral values betwetn 0 and 6

and are used to mod;fy or supplement the altitude profiles of temperature, water

vapor, and ozone respcctively, for any given atno pheric model specified by

MODEL. For example:

M1 = 1 selects the TROPICAL, tempernture altitude profile
Ml = 2 selects the MII)I.ATITLJDE SUMMER temperature altitude profil,

MI = 6 dlects the 1962 US STANDARD temperature altitude profile

M2 = 1 selects the THOPICAl, water vapor altitude profile

M2 = 2 selects the MIDI) TITUI)I. SUMMI•NI water vapor altitude profile

M2 = 6 selects the 1962 US STANL)ARI) wrzter vapor altitude profile

23
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IM3 • I selects the TROPICAl. ozone altitude profile

M3 - 2 selects the MIDLATITUDE SUMMER ozone altitude profile

M3 = 6 selects the 1962 ITS STANDARD ozone altitude profile

RO = radius of the earth (km) at the particular geographical location
at which the calculation is to be performed.

If 10 is left blank, the program will use the midlatitude value of 6371.23 km if

MODEL is set equal to zero or 7, Otherwise the earth radius for the appropri.-

ate standard model atmosphere (specified by MODEL) will be ueed.

The use of thr parameters defined above will become more apparent by re-

ferring to the examples given in Section 6.

In the caze where MODEL = 7. the new atimosphere (model or radiosonde

data) is inserted between CARDS I and 2 (see Section 5.3).

5. 2. 2 CARD 2 HI. I12. ANGLE. RANGE, BETA. VIS

Card 2 is used to define the gcornetrical path parameters for a givea problerrm.

HI - initial altitude (kmn)

H2 = final .ltitude (km)

ANGLE = initial zenith angle (desrees) as measured from Ill

RANGE = path lenpth (kmi

BETA = earth centre jngle subtended by I-Il and 112 (degrees)

VIS = sea level visual range (kml

It ia not necessary to specify every quantity given above; only those that

adequately describe the problem according to the parameter ITYPE (as described

below).

(1) Horizontal Paths (ITYPE = I)

(a) specify HI, RANGE and VIS only

(bW if nonstandard meteorological data are to be used, that is, if

MODEL = 0 on CARD 1), then thQ following parame'ers must be specified on

CARD 2: Hi, P, T, DP, H1. i H, WO, VIS, RANGE according to FORMAT

(3F!0.3. 2F5,1 2E10.3, 2F10.3), where P. T, DP, RIl, WI1 and WO &rethe

pressure (mb), temperature (°C), dew point temperature (°C), relative humidity

(%), H2 0 density (gin m") and ozone density (gin m"3 respectively.

Note that it is necessary to specify all of the quantities underlined with a full

line and one of the quantities underlined with a dashed line. If the ozone density

(NO) is not known, a value can be chosen from one of tha standard atmospheric

models by using the parameter M3 on CARD I (see Section 5, 2. 1 above).

Some examples of typical horizontal path calculations are given in Sections

6.1 and 6.V.
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(2) Slant Paths to Space (ITYPE = 3)

(a) specify Hi, ANGLE ard VIS

(b) specify Hi, HMIN and VIS (for limb viewing problem where HM[N

is the required tangent height or minimum altitude of the path trajectory.

(3) Slant Paths Between Two Altitudes (ITYPE = 2)

(a) specify HI, H2. ANGLE and V.-S
(b) specify Hi, ANGLE, RANGE and VIS

(c) specify HI, H2, RANGE and VIS

For cases Wb) and 'c), the program will calculate H2 and ANGLE respec-

tively. assuming no refraction; then proceed as for case (a). This method of de-

fining the problem should be used when refraction effects are not important; for

example, for ranges of a few tens of kmn at zenith angles less than 800. It can

also be used for larger angles (including 90*) provided that the path lies within

one atmospheric layer.

(d) Specify HI, H2, BETA and VIS. Leave ANGLE and RANGE
blank in this case. This method can be used when the geometrical configuration

of the source and receiver iv known accurately. but the initial zenith angle is not
ki-,npwis ptrc.ieiy due iv aintumpheric refractiun exfecin. Beta is most irequenily

determined by the user from ground range information.

In the cases of 2(b) and 3(d) above, the subroutine ANGLE is called in the

program to determine the appropriate input zenith angle by an iterative technique

taking into account atmospheric refraction (see Appendix C).
In the case where MODEL = 7, the new model atmosphere (or radiosonde data)

is inserted between CARDS 1 and 2 (see Section 5.3).

5.2.3 CARD 3 V1, V2, DV
The spectral range over which transmittance data are required and the spec-

ira, increrments at which the dta re t t- e printed nut ia dermine- by CARD 3.

VI initial frequency in wavenurnbers (cm"
V2 final frequency in wavenumbers (cm" ) where V2 > VI

DV frequency increment (or step size' (cm'I)
(Note that V = 10 4/A where t, is the freouency in cm n" and X is the wavelength
in microns. and that DV car, only take values which are a multiple of 5.)

5.2.4 CARD4 IXY

The control parameter IXY can cause the program to recycle, so that a

series of problems can be run with one submission of LOWTRAN 3. Five valves

of IXY can be used to provide the options given below.

IXY = 0 or Wlank card tM end of program

=1 to select a new CARD 3 and CARD 4 only (assuming other param-
eters are unchanged)
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= 2 to select a new data sequence (CARDS 1. 2. 3, and 4)

= 3 to select a new CARD 2 and CARD 4 only (aFsauming other parameters
are unchanged)

= 4 to select a new CARD 1 and CARD 4 only (assuming other parameters
are unchanged)

Thus, if for the soane model atmosuhere and type of atrnobpherc path the

reader wishes to make further transmittance calculations in different spectr,•i

intervals Vi' to V2' etc. and for a different step size (DV' etc.). then IXY is

set equal to 1. In this case, the card sequence is as follows and can be repeated

as many times as, required:

CA RD 4 IXY = I

CARD 5 VI' V2' DV'

CARD 6 IXY = I

CARD7 VI" V2" DV"
CARD 8 IXY= = 0

The final IXY card should always be a blank or zero (see also Section 6.2). When

using the IXY = 1 option, the wavelength dependence of the refractive index, is net

changed (use IXY = 2 option if this is required).

To make successive transmittanc ! mcomputations where just the geographical

rza*i atmosphere is chang.d and/or with or without aerosol attenuation, set

IXY = 4 and construct a data card sequence along the same lines as given above.

This sequence of recycling can be repeated successively, and several examples

are given in Section 6.

5. 2. 5 PROBLEM SEQUENCING

When a series of problemns is to be executed (with one submission of LO•V.-

TRAN 3) involving the standard atmospheric models (MODEL = I to 6) as well as

cases involving MODEL = 0 and MODIEL = 7, then the order in which the data are

set up becomes very important. Note the following sequence.

1. Run all problems using MODEL, = I through 6 first,

2. Secondly. run all problems involving the use of MODE'l. = 0.

3. Run all problems involving the u:,e of MODE'I, = 7 last. The reason for

running MODEL z 7 cases last is that when a new atmospheric model is read in,

the altitudes may not correspond with those given in the standard models (see

Section 2,1) and the program will erase them. Similarly, if a MODEL. = 0 case is

run following a MODEL = 7 case, the first level of MODEl 7 is erased.

5.3 Non-Stawmssd Cnditiom

Three options are available if atmospheric trarnsmittance calculatioas are re-

quired for non-standard conditions. Here non-standard refers t conditions other
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KIM
than those specified by the six rnotdel atmospheres provided by LOWTRAN 3 (see

Section 2.1), which are selected by the parameter MODEL on CARD I (see See-

tion 5. 2. 1). The three options enable the reader to insert:

(1) his own model atmopshere(s) in place of any (or all) of the six standard

models, provided that the data are in exactly the same format and are specified

at the same altitudes as the latter. In this case the approprLite print statements

in LOWTRAN 3 (that identify the atmospheric model used) must be changed cor--

respondingly.

(2) an additional atmospheric model (MOItEL 7), which can be in the form of

radiosonde data. The data need not be specih/ed at the same altitudes as in the

standard models.

(3) meteorological conditions for a given horizontal path calculation (MODEL

0 case).

The first of these options requires the most effort and needs no further dis-

cuasion here, other than a reference tc Appendix A for a summary of the stan-

dard model atmosphere parameters, i nits and formats (see also Table A2).

5. 3. 1 ADDITIONAL ATMOSPHERIC MODEL (MODEL = 7)

As stated in Section 5. 2. 2 a new model atmosphere can be inserted between

CANW) 1 and 2 provided the parameters MODEL and TM are set eqkyal to 7 and I

respectively on CARD 1. The number of atmospheric levels to be inserted (ML)

must also be specified on CARD I. The appropriate meteorological parameters

and format for thr atmospheric data are given below.

Z, P. T. DP. RH. WHL WO, AHAZE [FORMAT (3F10.3. 2F5.1, 2E10.3,

2FI0.3ý1 where

Z altitude (krn)

P = pressure

T = ambient temperature (°C)

Dl- = dew !oint temperature (°C)

RH1 relative humidity (%)

WH = water vapor density (gin m- 3)

WO = ozone density (gin rn-3)
-3

AHAZE = aerosol number density (cm-3

Note that it is only necessary to specify those quantities underlined with a full

line and either of the quantities underlined with the dashed line.

If the ozone density (WO) is not known then a value can be obtained from one

of the standard atmospheric models (for the appropriate latitude and season) by

using the parameter M3 crn CARD 1 (see Section 5. 2. 1).

If the aerosol number density was not measured as a function of altitude and

the reader wishes lo include aerosol attenuation in the calculation, set IiAZE r: 1
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on CARD 1. In this case (as with the Ml. N2, and M3 options) LOWTRAN 3 will

use the aerosol models already contained in the program and interpolate to give

aerosol number density values at the same altitudes as the radiosonde (or new

model atmosphere) data. t The program wi'L then look for a sea level visual

range (VIS) to be specified on CARD 2. If VIS is not specified, a 23 km sea level
visual range will be assumed. If aerosol attenuation is not required, set IHAZE = 0

on CARD I as before.

5.3.2 HORIZONTAL PATHS (MODEL 0)

If meteorological data are to be used for horizontal path atmospheric trans-

mittance calculations, then set MODEL = 0 on CARD 1. The following param-

eters can then be specified on CARD 2:

CARD 2 HI., P, T. DP, H_, WW WO, V1,5 RANGE IFORMAT (3F10.3o

2F5.1.* 2t210.3. 2FlO.3)) wherc the above parameters refer to altitude (kmn).

pressure (mb) ambient temperature (°C)0t dew point temperature (°C). relative

humidity (%). water vapor density (gmn m I3), ozone d-asity (grn m-3 ). visual

range (km) and path length (km) respectively (is previously defined in Sections

5.3.1 and 5.2.2).

The format for the abovv card is similar to that for inputting radiosonde data

(MODEL = 7) described in Sectio,, 5. 3. 1 above. Again, it is only necessary to

specify the quantities underlined with the solid line and one of the quantities under-

lined with the dashed line. The ozone density WO can be specified using the pa-

rameter M3 on CARD 1 if measurements are not available. In the latter case, a

value will be calculated at altitude III based or, the appropriate model atmoiihere

selected by M3.

6. FXAMPLES

The following examples explain the problem parameters that need to be speci-
fied and card formats necessary for using LOWTRAN 3 to make a wide rarnge of

atmospheric transmittance calculations. Example 9 describes how the reader

may insert an additional model atmosphere (for example, a set of radiosonde or

rawinsonde data) into the program.

As mentioned earlier, only the last four data cards (see Table A2 in Appen-

dix A) are necessary to specify a given problem. It should be noted that the

t A simixar interpolation scheme is applied when the Ml, M2 and M3 options are
used to supplement MODEL 7 (and also for MODEL = 0) using the standard
atmospheric models.

SNote that temperature i8 given in °C for MODEL = 0 option and not 'K as pre-
viously used in LOWTRAN 2.
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terms "CARD 1, CARD 2, etc." are used for convenience to denote these impor-

tant control cards in their correct sequence, and do not refer to the actual first.

second. etc. data cards in LIOWTRAN 3 (described in Appendix Al.

6.1 Wjmple I - Horkontal Path Cakulalion. (ITYPE = 1)

PROBLEM AND CARD )RMAT

Calculate the transmittance from 500 cm to 1000 cm in steps of 5 cm

for a horizontal path of range 10 km at an altitude of 2.5 kmn. for a midlatitude

summer model atmosphere and the 5 km (sea level) visual range haze model.
CARD !1"2 :1:*

CARD 2 - :-A'2.500::- : !: : -?:-::10.000 5.000

CARD 3 ***500,000- '100.000: :t5":-.5,000

CARD4 :4 *

or alternatively

CARD 1 2' :2-:1 1

CARD 2 :-`*-ý*2,500' r: 10Q.0

CARD 3 * '4500.000 100.000 5.0

CARD 4 Blank

(" rcpresertts a space on the card.)

Note that setting 11AZE = 2 can select a 5 km visual range at sea level without

setting VIS on CARD 2.

6.2 'Exipe 2 - %ant Path Calulalion to Space (ITYPE = 3) for Two Slwnrar Intervals

PROBLEM AND CARl) FIORMAT

Calculate the transmittance from 3 to 5 urm and 8 to 14 pm in steps of

-0.,l5 ,trm for a 45" slant path to space from 12.2 km, for a midlatitude winter

model atmosphere and a 23 km visual range haze model.
-1 _l -i

iij this case Vi = 2000 cm -, V2 = 3335 cm . and DV varies from 20 cm

to 55.5 cm-. Let us choose the lower value, that is, DV = 20 cm'1; also.

VI' = 714 cm-I and V2' = 1250 cm-Iwith DV' varying from 2.55 cmrl to

7.81 cm Thus DV' = 5 cm-I since this is the nearest multiple of 5 cm 1 .

CARD I 3•. -' :-3

CARD 2 • 12.200: 1 4-- 9'- ."'- 45 0

CARD 3 2000.000 "3335.00:0 20,0

CARD 4 -1

CARD 5 1,.")7 14.000 1250.000 -'- 5.00

CARD 6 Blank

Note setting IIAZE I on CARD I will select a 23 km sea level visual range if

VIS is not set on CARD 2.
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6.3 Example 3 - Ipware Looking Slant Path CalctaJtical (ITYPE 2)

PROBLEM AND CARD FORMAT

Calculate the transmittance from 4 to 5tam in steps of -0,01im for a slant

path from 2.25 km to 22.8 km at zenith angle of 650. for a subarctic winter model

atmosphere and a 15 km (sea level) visual range haze model.

In this case VI = 2000 cm-l V2 2500 cm-I and DV varies from 4 cm

to 6.26 cm-. Therefore, set DV 5 cr. since this is the nearest multiple of

5 cm- 1 .

CARD 1 ' S:!'A2

CARD 2 *-* 22.25 *-8.50 65.0 **4---15.000

CARD 3 '-2000.000 2500.000

CARD 4 Blank

6.4 Example 4 - Slant Path WIehween Two Atitudes IAkoing Downwaid (ITYPE = 2)

PROBLEM AND CARD FORMAT

Suppose the transmittance from 10 to 20#um is required for a downward path

--- - -1 hm to ii hrr. at a " .l " ll- of 2. UI,3I+I thIle 1 ."U. ', LOIIIU.JU S a d IVIUd .uel

Atmosphere and no haze. '

In this case set V"1 = 500 cm I (20gml. V2 = 1000 cm I (10gm) and DV =

5 cm 1 .

CARD 1 :-6:;0' :.2

CARD 2 *,.!+-'10.000' :-'.--8.000 '"-:- 92.000

CARD 3 -*?500.000 '1000.000 "'5.000

CARD 4 Blank

When this case is executed, however, there will be a message printed out to

the effect that a longer path is also possible for the same input conditions [for

example. see Figures 3(d) and 3(e)]. If you wish to rerun the conditions for the

longer path, the card sequence is as follows:

CARD I 6• 02'"

CARD 2 * l•*'10.000W*t*'8.000 '*:z::92.000

CARD 3 *'ý500.000: 1000.000:*: *5.000

CARD 4 Blank

6.5 Exampl* 5 - Repealed P'obelms in Sequence

PROBLEM AND CARD FORMAT

Calculate the transmittance for the 4 to 8.tLm region for (1) a 751 zenith

angle slant path from 0.23 km to 8.55 km for tropical. midlatitude summer and

subarctic summer conditions, and (2) for horizontal paths of 1. 5. and 10 km at
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5 km altitude for midlatitude summer conditions. In both cas•,., assume the sea

level visual range to be 15 km.

The set up cards for the above problems are as follows:

CARD 1 *4lt14412

CARD 2 ****0.230t****8.5509**75 000"*************** *****15.000

CARD 3 **1250.OO0- *2500.000*****5,000
CARD 4 **4

CARD 5 *2"*1-'*2

CARD 6 *'4

CARD 7 **4"'1"'2

CARD 8 **2
CARD 9 **2:'f1*l1

CARD 11 *l1250.000'*2500.000"**t*S.000ooo

CARD 12 ,1*3
CARD 13 ****5*000* ****t** *****************5 0 0 0 t
CARD 14 **3

CARD 15 ****5.000***************t*******1o.000i

CARD 16 ý**

6,6 Example 6 - To Caklulate Viewing Angle, TAting Into Account the Effect of Refractin

PROBLEM AND CARD FORMAT

Suppose the exact position of a source and receiver is known; that is, IHi,

H2, and geometrical range. From this, one can calculate the spparent zenith

angle (assuming no refraction) and the total angle aubtende-i by the path at the

center of the earth, f (see Figure 3).. Ii the apparent zenith angle is such that

atmospheric refraction could cause appreciable bending of the path trajectory,

then the receiver could be considerably off target, To take i-.to- .a unn... !h afft-,• t

of atmospheric refraction, one can use the subroutine ANGLE (with HI. H2, and

BETA as inputs) which is called by the program to determine the correct zenith

angle.

Suppose Example 4 was the above case where $ = 5.37156 is known specifi-

cally for the shorter path. The card sequence would then be:

CARD 1 **6**0**2

CARD 2 ****l*.0,****8.000****************** 5.3715

CARD 3 **e500. O00** 1000. 000"***'5. 000

CARD 4 Blank

tSince the aerosol attenuation models are independent of sea level visual range
above 5 km altitude, it is not necensary to specify VIS in this case.
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6.7 E*:mlt 7 - Earth Limb Viewing Caw

PROBLEM AND CARD FO)RMAT

Consider an earth limb viewing problem where it is required to calculate the

atmospheric transmittance from, say, an altitude of 100 km to space passing

through a tangent height (HMIN) of 12 km ýsee Figure 4', .. the 2 to 5 pm region

for a subarctic winter model atmosphere. In this case let us nssunie that aerosol

attenuation is required. As described in Section 5, 2.2, only the quantities Ill

and H.MIN are specified on CARD 2. The appropriate zenith angle (taking into

account atmospheric refraction) is calculated by the program dsing the subroutine

ANGL.

CARD 1!5 13 :3

CARD 2 100.000' .- 12.000

CARD 3 -,:2000.000 "2509.000 :

CARD 4

6.8 'Exasple 8 - Horizontal Path with Non-Sltidawd Coudiiionx

If the appropriate conditions are known for the horizontal path, then a differ-

ent procedure to that g: v... in LEkiipies i io 7 can be used. For this case,

CARD 2 (see Sections 5.1 and 5.2) contains the following information:t

altitude (km), pressure (mbl, ambient temperature ('C), dew point temperature

(°C). relative humidity ( w), water vapor density (gm.m 3), ozone density (gm.m-')I

sea level visual range (km), and path length (kin) according to format '31:10.3,

2F5.2, 2E10.3. 2F10.3).

PROBLEM AND CARD FORMAT

Calculate the transmittance from 3 to 5um for a 10 km path at sea level I
(midlatitude winter environmentl for the following conditions: Pressure z 1000 mb,

a•mbicnt *-nperature - .^,'"C, relative humidity = 4%o, and sea level visual range =

50 kin.

CARD I : 0:!'.'. '0 %0:'0-0' !43

CARD 2 '*ý'*0.000'"1000.000 .10.000' ': 40.00

50.000 41 *I0.000

CARD 3 ':'*2000.000"':3330.000' -*5.000

CARD 4 •

The index 3 on CARD 1 corresponds to the parameter M3 (see Section 5.21

and selects the ozone density corresponding to the midlatitude winter model atmo-

sphere, since the latter quantity is not specified in the above problem. If %M3

t Note that this problem is specified differently in LOWTWt 2.
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were left blank, then ozone attenuation would not be included in the transmittance

calculation.

If a number of different problems are being run with one sLbbmission of the

program involving the standard model atmospheres as well as problems similar

to Example 6.8. then the order in which the problems are run becomes important

(see Section 5.3).

6.9 Exaisipe 9 - To aut or Ch(lin Model Atmosphere Data

If the reader wishes to include his own model '.2mosphere data in I.OWTIHAN 3

two options are available. Either replace one or more of the standard models by

the new data or use the MODEL = 7 option which is more convenient. If the for-

mer approach is taken, it is recommended that the new atmospheric data be digi-

tized at the same altitudes and according to the same format as the remaining

standard models (see Appendix A and Table A2). Note that each of the standard

model atmosphere data cards contain the following- altitude (km) pressure (nib).

temperature (°K). water vapor density (gm.on" 3), and ozone density (gm.m-3)

with two modelA specified or, one card (see Table A?' according to formant (F'6.1,

2E10.3. F6.1. 2E10.7).

In the above case, the reader should modify the appropriate print statements

in the program accordingly in order to identify the new model atmospheres, other-

wise the printout from L.('h TRAN 3 Wv i wientivy thern according to ý.ie standard

atmospheric models which they replaced.

If the reader wishes to make a limited number of atmospheric transmittance

calculations for one or more sets of radiosonde (or rawinsonde) data, it is more

convenient to use the MODEL = 7 option; an example of which is given below.

PROBLEM AND CARD FORMAT

Calculate for a given set of radiosonde data the transmittance in the 4 to

8Mm region for (1) a slant path from 0.21 km to 8.55 km at a zenith angle of

35.5' and (2' horizontal paths of i, 5. and 10 km at 0.21 km altitude. Assume

the sea level visual range to be 15 km and the ozone distribution to be represen-

tative of midlatitude summer conditions. In this example, the radiosonde data

consists of 21 levels and only the following parameters are given: altitude (kin),

pressure (mbi. ambient temperature (°C), and dew point temperature (°C).

The set up cards for the above problem are as follows:
v*7"* 1 -2**W*0-'0*1 V*0 *0Y•1-%•221

*****0.000** 1015.000"**24.4 ", *21.4

0.136 1000.000 22.0 19.4

0.560 950.000 17.8 16.1
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1.080 892.000 14.8 11.9

1.526 850.000 12.8 5.8

1.650 832.000 12.8 -6.2

2.270 775.000 11.8 -18.2

3.140 700.000 7.2 -20.8

5.820 500.000 -10.1 -28,1

5.990 488.000 -11.5 -27.5

7.510 400.000 -19.5 -31.5

8.720 338.000 -28.5 -41.5

9.180 318.000 -32.7 -39.7

9.590 300.000 -35.3 -43.3

9.720 294 000 -34.7 -42.7

1J.020 281.000 -38.7 -45.7

10.830 250.000 -44.7 -50.0

12.290 200.000 -57.1 -50.0

13.600 161.000 -69.5 -50.0

14.050 150.000 -71.1 -50.0

16.450 100.000 -70.9 -50.0

.2 i "*3 ,5. 500* * * 15. 000

't1250.000 2500.000 S5.000

7 1 1 0'0 " 0 0 0 21

0.210..........'.. . . . . ........... 0()0 15.(000

1250.000 2500.000 -"5.000

- '0.210 "!...................<:5.000 . . . 15.000

" t-* ' '0 .2 10 t ' 10. 00 . . .

Note that problems itili2tng the standard modtl atmospheres must precede

problems similar to Example 9 (see Section 5.3).

6.10 T*pical OuMpui from LOSTRAN 3

The output for a problem similar to Example 3 (Section 6.3) is given in

Table 1. The parameters defining the atmospheric path, model atmospheres

and frequen~cy range will first he printed out. Following the heading lhJIOIZ.)NTAI

PROFILES there are 12 ('oIlinns. The first column gives a running integer asso-

ciated with each level (level indicator). The second column gives the level altitude

in km. The next 8 columns give the equivalent absorber amounts per km for the
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following absorbing species: water vai;ir, uniformrly mixed gases. ozone. nitro-

gen continuum. water vapor conltinuum, molecular scattering, aerosol extinction.

and UV ozone. respectively. The last tw'o columne give the mean refractive index

modulus fromn that le% el to the level abo,.e and the rcfractivc index modulus 'mul -

tiplied by 106 ) at that level.

A heading VERTICAL PHC)FILES is then printed followed by ~5 co &imns.

The first and seco'nd calumns give the integer associated with the level traversed

by the path and the height of the level. Then follow 8 columns which give the in-
tegrated equivalent absorber arnounts from the initial altitude to the leve. above

(in the same order as indicated above). The next 4 columns are labelled PSI.
PHI. BETA, and THETA. and correspond to the anglea similar to V. 6. A. and 9
given in Figure 3 (Section 4.2t. Celumns PSI and BETIA give the accumulated

values of V and A to the level above. Columna THFTA and P1ll give the local

2enith angle 0 i coýrresponding to that level and the angle of arrival at the level
above, respectively. The accumulated slant range is printed out in the last col-

umn under RANGE.

The total equivalent absorber amounts for each absorber species are then
summarized below in their appropriate units.

A transmittance table, containing 12 columrnsi, now follows. The first 3 col-

umnin give t he frequency (Czt'l1. Waveirngiah (microns). arid total transmittance.

The nexrt 7 colurnnNi show tnie individual trinermittance due to water vapor. urn-
i-rmly mixed gases. ozone, nitrogen (4 g±m) continuum, witer vapor (10Mmn) con-t tinuum. molecular scattering, and aerosol extinction. The last 2 columns give
the absorption due to aerosols and the cumulative total integrated absorption.J The latter quantity can be used to determine the average transmittance over any

3 given spectral interval within the spectral range covered by the calculation.

i ~nally. the total integrated absorption from V1 to V2 is pri-ited out (units are

cm I together with the avc rage transmittance nver the band.

7. LIMITATION AND CMET

t It should be remembered that the transmittance valuer, obtained from

-ll

LowTRAN 3 are at a spectral resolution of 20 cmu 1. although the output can be

obtained at 5 cm, intervals.

The programon will round off input frequencies to the nearest frequen-y at which

spectral data are given.

The overall accuracy in tranamittaee. n. which this teuhnique provides. is

better than 10 percent. The largest errors may occur in the distant wings of

strongly absorbing bands in regions where such bands overlap appreciaclty.
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Table 1. TpclOutput From LOWkTPOAN 3
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The reason for this error is twofold. First, a unique spectral -urve in Figures

133 to 18, McClatchey et al. 2 is based on a single absorber parameter and cannot

be defined for a wide range of atmospheric paths vithout somne loss in accuracy.

Secondly, the transmittance in tr.e window regions between strong bands gen-

erally lies in the weak l1 ne approximation region, where the transmittance is a

function of the quantity of absorber present and not of the product of absorber

amount and pressure. ':he one -dimensional prediction scheme presented in this

report is not accurate for such conditions, which in general give transmittance

values greater than 0, 99. The digitized data were obtained for conditions repre-

sentative of moderate atmospheric paths and will tend to overeotimate the trans-

mittance for very long paths and underestimate the transmittance for very short

paths. in the spectral regions described above.

As the transmittance approaches 1. 0, the percentage error in transmittance

decreases toward zero but the uncertainty in the absorptance (or ernittanct, in-

creases greatly.

Because of the nature of the program - which uses a layered atmosphere

errors can be introduced into the refraction calculation, since we assume each

layer to have a mean refractive index associated with it, This is particularly true

for a long path in one layer near ground level where one would expect refraction to

be a maximum. But i, fact, for such a condition the prograrm may indicate no

refraction at all. If problems like these are encountered, the number of levels

must be increased in the altitude region of interest.

The effect of wavelength on refraction has been included (see Section 4.3).

When a particular, problem is set up for a frequency range VI to V2, however, the

average frequency is used in the refracýtive index calculation. If the reader is

using LOWTRAN 3 for trajectory analysic where wavelength dependence of re-

fractive index may be important, it is recommended that dumnrmy values for VI and

V12 be used such that the average frequncLy .. correspoai6 to the frequency of interest.

If LQWTRAN 3 is to be used for trajectory analysis, it is recommended that

the number of levels in the model atmospheres be increased substantially between
the altitudes of interest. The computer program (with 34 levels) will tend to under-

estimate the refraction of the atmosphere by as much as 20 percent for the worst

c Lse (that is. a 900 path to space from sea level).

If LOWTRAN 3 is not being used for problems similar to Examples 6 and 7 it

is recommended that the subroutine ANGL be removed from the program, there-

by reducing the size of the card Jeck by approximately one-third.

Some examples uf tranbmittance spectra obtained from LOWTRAN 3 are pre'-

sented in Figures 5 through 11. From Figure 5 Jne can see the separate contr~i-

butions to the total transmittance due to the variois absorbing gases, molecular
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scattering and aeroaoL attenuation. The other figures show the variation of at-

mospheric transmittance with (1) model atmosphere for fixed paths, (2) altitude

and path for a fixed model atmosphere, and (3) range and zenith angle for a fixed

altitude, In Figures 6 through 11 the aerosol attenuation is calculated on the basis

of a 23 km sea level visual range.

In general, fairly good agreement has been found between experimental field

measurements and LOWTRAN 3 predictions although a lack of accurate meteoro-

logical data (including visual range and actual aerosol characteristics) gives rise

to some uncertainty.
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SCOMPARISONS OF LOWFRAN 3 PREDICTIONS WITH MEASUREMENTS

Figures 12 - 14 show some comparison of LOWTRAN 3 predictions with labora-

tory measurements of Howard. Burch and Williamsn2 5 and Burch26 for sorne im-

portant water vapor and carbon dioxide bands. It will be seen that the LOWTRAN

3 calct.lions agree closely both spectrally and in integrated absorption.
In Table 2 a comparison is made between five integrated absorption measure-

ments of HBW25 in the 2.7 ptm H..0 band and those predicted using LOWTRAN 3.

The measurements were chosen to be representative of conditions occurring in the

first 50 km of the atmosphere.

Table 2. Comparison of LOWTRAN 3 Predicted and Measured Integrated
Absorptions in the 2.7 V rn Water Vapor Band

A = Integrated Absorption (3450 - 3850 cm I)

Pressure H20 AALOWTRAN 3 A Mess.

(mb) (pr cm) (cm "1 ) ({cm - 1)

Case No. 1 1073 1.68 399 399

Case No. 2 997 0.21 382 374
Case No. 3 413 0.034 273 258

Case No. 4 413 0.017 133 131

Case No. 5 90.6 0.017 226 206

Figure 15 shows a transmittance spectrum measured by Gebbie et a127 for a

1 nautical mile path over water, covering the 0. 5 to 15 irn region. In the LO)W-

TRAN 3 simulation of the spectrum the visual range was assumned to be 13 km
which gives a transmittance of 60 percent at 0. 6 Pm. The effect of ozone absorp-

tion in the 10 Jimr region can be seen in the LA.WTRAN 3 comparison, which shows
a midlatitude winter concentratior in one case and no ozone in the other. The no-

ozone case appears to agree better- with Gebbie's measurements.

25. Howard, J. N.. Burch, D. L., and Williams. D. (1955) Near-Infrared Trans-
mission Through Synthetic Atmospheres. AFCB L-TR-55:213,iGeophysica1

sesearch Papers No. 40.
26, Burch. D. E., GCryvnak, D., ingleton, E. B., France. W. L. , and

Williams, D. (1962) Infrared Absorption by Carbon Dioxide. Water Var,
and Minor Atmospherio Constituents. 7Fir -62F 5nT.

27, Gebbie, HA., Harding. W. R., Hilsum, C., Pryce, A.W., Roberts. V. (195i)
Proc. Roy. Soc. 206A:87.
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Figures 16 -22 show a series of measurements by Yates and Taylor28 cover-

ing a wide spectral interval. The path lengths in these rneasurerncnts are 0. 3, 5. 5,

16. 25 and 27.7 kn. and were made at sea level (over water) with the exception of

the 27.7 km path, which wsi at an altitude of 10,000 feet. No aerosol attenuation

was•s ed in sii-.ullating the U. 3 Knm path using LOWTRAN 3. The apparent wave-

length shift at short wavelengths in Figure 16 is due to a calibration error in Yates

and Taylor's measurements. The obvious discrepancy between prediction and

measurement in the 10 un is due to the fact that Yates and Taylor artificially set

the transmittance level to be 100 percent %n this window region (sin~ce they %%ere

unable to estimate thc water vapor continuum cu•ntribut~on). The water vapor con-

tinuunm given in LOWTRAN 3 extends from 7 to 15 u m. There is evidence that the

effect of continuum absorptiorn by1 2 ex0tends to longer wavelengths (Bignell, 12

Burch et al 3), and this is currently being investigated.

28. Yates, It. W., Taylor. .1. 11. (1960) Infrared Transmission of the Atmosphere.
NR Report 5453. U.S. Naval Research Laborato-y,, Washington-.1). C.
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:a Figures 17 - 22 the transmittance values at 0.55 a m given by Yates and

Taylor were used to estimate the visual range used in the LOWTHAN 3 simulations. .

In some cases (see Figure 22 for example), choosing a lower visual range gives

far better agreement between the measurements and LOWTRAN 3 predictions.

Generally, the predictions and measurements disagree moat in the 10 am region,

where it is extremely difficult to obtain absolute transmittance values from long

path measurements in the atmosphere. Because of the importance of the 10 urn

window region in many applications. it is strongly suggested that future field mea-

surements of this kind be carried out with extreme care, in order to obtain reliable

atmospheric transmittance data against which a model such as LOWTRAN 3 can be

tested.

It is also apparent that there are some inconsistencies in the measurements

shown in Figures 16 - 22 which are the cause of some apparent deviations between

the L.OWTRAN 3 predictionms, and the measurements.

Figures 23 - 26 show some more recent sea level measurements made by

Ashley et at 2 9 (General Dynamics), These measurements have been made at some-

what higher resolution (- 4 c-im and cover the spectral regions 1. 8 - 5. 4 urn and

4.8 - 14 Mrm using two interferometers with different detectors. In Figures 23 and

24 the transmittance measurements were made over short and medium path lengths

(that iw. -- 0.045 km and 3. 25 kn) arid cuvred tuhe lmutzr&i kregioi, l•io, I. 0- to

5.4 unm. A 1.3 krn sea level path transmittance spectrum covering the 1.8 to 14 arm

region is shown in Figure 25. In the latter spectrum the transmittance was nor-

rnalized to unity in the 10 uin region, The anomalous spike shown at - 13 a rn was

due to electrical noise. Figure 26 shows a long slant path measurement (- 12 kin)

from 800 ft to 3187 ft altitude. Again the agreement between these measurements

ano LOWTRAN 3 predictions is good. The improvement of LOWTRAN 3 over

LOWTRAN 2 -n the 2 - 3.5 urn region can be seen from Figure 25.

Figure 27 shows three aircraft measurements made by Cumming et a13 0

(CARDE) in the 2.7 umr region at an altitude of 13.7 kni. The measurements were

made over Florida using the sun as a radiation source.

In the LOWTRAN 3 predictions shown in Figure 27 the sensitivity of the trans-

mittance to atmospheric conditions is indicated. For example the upper figure

shows the transmittance obtained from LOWTRAN 3 using the tropical and 1962

U.S. Standard Atmospheres compared with the CARDE measurement. The second

29. Ashley, G.W., Gastineau, L., and Blay. D. (1973) Private Communication.

30. Cumming, C. , Hawkins, G. Ft. . McKinnon, D. J.G. , Rollins, J. , and
Stephenson. W. R. (1965) Quantitative Atlas of Infrared Stratospherc
Transmission in the 2.7 Micron Region, Canadian ArmamentResearch
and Development Eslablishment.•A T. R. 546/65. Project D46-38-01-19.
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figure shows a LOWTRAN 3 comparison using the Tropical Model Atmosphere

with and without aerosol attenuation. The latter curve appears to agree better

with the measurement.

I lf..a....e.....1
•

LI U
__ U

a

- GEN. DYNAMICS C

; . LORAN 3I" •

a 3 4

Figure 23. Comparison Petween 1.A)WTRAN 3 and General Dynamics Mesure-
ments 150 ft (45 m) Path at Sea Level 120() 0.35 pr cm/km)

-- GEN. DYNAMICS

I illR'l•! l

Figure 24. Cornioarison Betv -n LX)WTRAN3 and Ge•neral Dynamlics Mleasuremnents;
10, 67 9 rt (3. 25 k n ) Pat h at• l, evelI (If 2() = 0.35 pr cm/krm)
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Figure 28 shows two atmospheric transmittance measurements made by

Farmer et at 3 1 (EMID for horizontal paths at 5. 2 km altitude in the Bolivian

Andes. The measurements were made over path lengths of 1.9 and 8.4 km and

coered the 4 umn spectral region.

In general. LOWTRAN 3 predictions compare fairly well with available at-

mospheric transmittance measurements. Further laboratory studies will be

conducted to determine more accurately the effect of continuum absorption by

water vapor primarily in the 10 Mm and 18 - 30 urn regions. It is hoped that

further refined atmospheric transmittance measurements over long atmospheric

paths will be made in the near future, with much attention paved to obtaining ac-

curate absolute transmittance measurements in the w4ndow regions.

As more measurements become available, 't is planned to u.pdate LO\"TRAN.

A version of the program which is also capable ou predicting atmospheric "clear

sky" and earth backgrounds will be published in the near future. Two examples of

some typical radiance calculations using a modified ILWTHAN program are shown

in Figure 29. Figure 29a gives the clear sky radiance for a vertical path from se_

level to space for six model atmospheres and Figure 29b shows both the upward

spectral radiance (as viewed from space) for a midlatitude winter model atmos-

phere aAd ihe downward radiance at sea level. "'he back body spectral radiance

curve, superimposed on Figure 29b corresponds to a ground temperature of'

272*K (assuming a ground en'issiv2ty of unity).

31. Farmer. C. B.. Berry, P.,., and Lloyd. D. B. (1963) Atmospheric Trans-
mission Measurements in the 3.5 to 5.5 Micron Ban at .57G0 Meters
Altitude• M•PTlectronics Limited. Hayes. Middl'esex. Englazhi71Te-port
W7DMVP 1578.
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App,'endix A

Lisbin of Progru'n nd Dsrw

A .•*',,•inr -•f the pr-ugv-' !ZWTRAN 3 in giv - in. Trbiw ti ,tgeher

with the two subroutines POINT and ANGL (ser Appendix C for an explanlation of

subroutine ANGL). The input data for the program is given in Table A2. A gen--

eral flow chart for the main program• is p-esentei ;n Appendix B. and definitions

of the symbols used in the computer codes are sumnmarized in Appendix D.

The subroutine POINT has a twofold purpose. When Hi~e subroutine is called

for a giver, altitude X, it is used to determine the mean refractive index (1) in the

layer between X and the level above, TX(9M, and (2) in the layer between X and

the level below, YN. In addition, an interpolation scheme is used to determine the

effective absc rber amounts per kn, at altitude X for each absorber. Whben the

parameter IP is set equal to z- 1 only the mean refractive index above and below

altitude X i- determined from 'O'L T.

The subroutine ANGL is usea '%olely for the purpose of calculating the initial

zenith angle (0 0 or ANGL) by an itera, ive scheme taking iato account refraction,

given (!) the initial and final altitudes of the path (HI and H2 respectively) and the

angle subtended at the sarsh's center (A or BETA) oy the trajectory, or (2) the

initial altitude and tangent height (HI and HMIN respectively). Examples of two

typical problems involving the use of the subroutine ANGL are given in Sections

G.6 and 6.7. An explanation of the iteration scheme is given in Appendix C.

The changes necessary to update LOWTRAN 2 to LOWTRAN 3 are indicated

by the symbols *,°÷, A. B. C etc. against the card sequence numbers in Table Al.

The - symbol indicates that the following card (in LOWTRAN 2) has been removed.
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Table Al. Listing of F'ortran Code LOWTRA N 3

PROfFRAM LOTAN NU UPT A1c5INU AE,=UPT A I
C04MON 1I 34I,13 (79.,51I.TIT,'341.IFIH1t0,31s),WH(7,35,,I MINI.,IEv~,WCO,P[ A 20
O1MFN'ZTON WO(7,3b),HZ1(34).'4126j)A-4AZE(3'd.AH72(20) A 3'
DIMENSION P; ,F 7,F5 ,-3 .TiIH(0,(CEI')A a4
OTMENS7DN CI(?5SQ), U2(5?5), C3(5401, C4(133), C15(151, CS(1021 A SA
OTMCNSTONl VK(r.5, ,CTI.5),CrA (45) A S3
FIA)±ExD(15.9?66-14.95q5#A-2.M3g3204@A).A A sc
DATA HZ(I)/Sm?-3 KM/,HZ?1?/5H 5 (M* A 6

C#.WSW..9.#.S##SW.P.#U.#.*U.PWWWwuusas.u~..eu~ww.....w.A 7
C PROGRAM LONTRAN3 CAL CULATCS THE TRANSMITTANCE QF THE ATMOSPHERE A A

C FROM 3q0 CM-I TO 400a !7M-1 (C .?5 TO 25.57 NItRONS) AT 20 CM-I A 9i
C SPECTRAL RESOLUTTON ON A LINEAR #AYENUMBER SCALE. A :e
C REFRACTION ArI FAQTH CURVATURe- EFFECTS ARE INELUOFO. ATMOSPHERE A 11
C IS LAYERFO TN ONE KM4. INT;RVALS qETwEEN C ANO 25 KM., 5 KCM. INTER- A i2
C VAtS TO -vl KM., A TWENTY KM. INTERVAL TO 70 KM.. AND A THIRTY KM. A 13
C INTERVPAL T1l 190 K4. A 14

fl4s#S##Sa~9sS~P#~#wCS##U#Pu~sw0SESES~6Ss#e#s#Wu~w#5eeu A i5
C PPIGRAM ACTIVATED BY SUBMISSION OF TOuR CARD SEQUENCE AS FOLLOWS A i6
c A 17
C CARD I h400r' 9t,1a ZE,! TYPF.I-EN, JP.TII*,MLM261,M3MLRO FORMATIICI.FIO.3) A I8#
C CARD ? HIH?,ANSLE.QANSEBETAVIS PORMoAT(TF1O.3I A 19
C CAPC 3 Vi, V?9 IV FONMAT(TFIG.3) A 22'
C CARD 4. trY FORMAT(13) A 121
C A 22
c Mrc1L=1..3,4,s OR 6 SELFCTS ONE' OF THE FOLLOWING MODEL ATMOSPHERE A 23
C TPIPICAL,4IDLATITUDE SUM$ERMILDLATITUDE WIMTE',SUBARCII:; SUMmrER, A Z4
c SURAACTIC WINTER*OR THE 1962 U,.S. STANDARD R'SPECTIVELT A 25
C MOngL:V FOR NOR!?. PATH WHEN NETEOR3L. DATA USEDSINSIEAD OF CARD 2 A 26'
C RFAI "i.P(MR).IIOF'S CiIOW PTvTEmPOEG C)1.1RU1L Z ESYVA2'
C (C;M.M-T),03 OCN3ITYlS1m.N-3), VISIKn),RANGE(KM) WITH FORMAT 429. A 25'
C MnriEL.=Y WHFN NJEW MODEL ATHOSPHERE(E.G. RAOI!OSONOE DATMI USED. A 29A
C DATA CARDS ARc REAJ IN BETWEEN CARDS I AND 29 AND SHOULD CONTAIN: A 298
f, ALYTTUDE~c~m.,PRESSURF.TFMP,DEW PT.TErP.PREL. HUMIOITY,H?O DENSITY, A 29C
r 0? OC7NSITr. AEROSOL NO. DFNsITY1CM-3) ACCOROINS TO FORMAT 429. A ZBD
C NOTE TH4AT EITIER DEW PT. TEIP.OR REL. HUMICITY CAN 9F UJSED. A 29F
C A 29F

C MIM2,M3, APr USED TO CHANCE TE-4',42D, AND 03 ALTITUOF PROFILEzS. A 29G

c If' THAZ'EC NO AFROSOL SCArICRIN; :S COMPUTED A .31
C THA7F =1 IF jJ'ROSCL ATTENJAT ION REOJIRED (THIS IS USEI IN A 32
C CP1JJUNCTION WITH VISUAL RANGEISE-E CARD 2)) A 33
C 1HA'E = I OR ? ALSO GTVF AEROSOL ATTENUATION 'OR 23KM AN3 5KMq VIS. A 34
C MAZE MODELS RESPLCT~tfrLY IF VI5 =0 ON CARD 2 A 35
c A 36
C TTYPFrt,? OR 3 INDICATES THE TYPE OF ATMOSPHIERIC PATH A 37
C TTYvC=3,VFPTICAL 0lO SLANT PATH TO SPACE A 35A
C TTYPE=2,VFRTflAL OR SLANT PATH BETWE-EN TWO ALTIrUDES A 39
C ITYDE:I. CORRCSPONDS TO A HORIZONTAL (CONSTANT PRESSURE) PATH A '.C
r- A 41
C I-70IrOFeRVFR ALTITUDE (KM? A a.2
C H2=OOIJRCE A111ITUDE 99M) A ~3
C ANGLE= ZENITH ANGLEý Al HI (OECR7ECS A 44
C RANr~r=PATH LENGTH 1KM) a 1.5
c RFTA=EAQTH CENTRE ANGLE A 46

c VIS =VISUAL qANGE AT SEA LEVEL 1KM) A 47
c (IF TTYPE=i iRco Hi 4ND RANGET Jr ITYPEý3 PEAO HI AND ANSLE. A .8
C IF ITYPE?2 READ H! AND TWO OTHEý PARAMETERS E.G. HI AND AN6LE) A 49
C A 52C
C ViI=NIIIAL FREQUENCY (WIWNUMBER CM-I ) INTEGE-R VALUE A 151
C V2=FINAL FRFCUENC~y(WŽ1VENU'IBEP C4-I ) INTEGER VALUE A 52
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Table A 1. Listin~g of Fortran Code LOWMRAN 3 (Cant)

c DV= FPQEUENCV INTERVALS AT HIC4IC TRANSMITTANCE IS PRINTED A 53

C NOTE, DV MUST BE A MULTIPLE OF 5 CM-1 A 54
CA 55

c 2TXY=C TO END GATA 9=1 FOR NEW VI1,V2,DV OHLV 9 =Z TO CON(TIPNUE OWTA A 56
c XXYY-' FOR NFW CARD 2 ONI.Y9-6 FOR ENE CARD 1 ONLY. A 57A

*5*#*****~*9W*~6A 578
rx~oA 57C

READ (5,4001 IATN.INL A 58
rEAD (5,4601) cNzi(rI),T1,NL) A 59
READ (,94111 IHZ24iI,T=195) A bý

00 1 J=1 1 3 A 61
K2=2ZJ A 6Z

KI=?-iA 63
CC I I=1.DNI A 64

RE*'AD (!;,4521 ZC~CI91YKltC(KItOK;)KK. A 65
PEAD (5940'1) cvKI!I,c7(I) C7A(Xjg * IzI ) A 66'
READ 15,'403) 1TRW!) ,FW(TIjFOtI),I=L,67) A 67

READ 15vk40'. (C1fX),T=1.t25A3J A 68
READ (5,404) (C2(I)qy:1#1151 A 6
PEAn (5,4qk') (C3t11),=1o540) A 70
READ (5#4C5) (ai(I)9=iv133) A 71
REA9 (5940461 tcS(II..=iv15p
READ f5,41513 (C6(I).T~1,1Q2) A 73

P1=?.0*ASIN(1. 0) A 74'9ICA=PI/1Sfl. A 75
! Ps 4 A 76

3 CONTTNUF A 77
QE=6371 .23 A 78 13
TV!ND=9 A 7

r. jp E t' SUPRESS PkiHl A 7;4-
READ 4g00NODEL,!NAlE,!TVPE.r-N,JPvTIMNLN2,N3,NML,PO A 86
PPINT4IONODEL ,INAZE, ITYPE,LEN,JPtr4MIlM?.K3,NL,RO A at

c PRIN4T 43'.. "0EHZvTPqC A at

200 94=tOOFL A ?Z

YF (M.EQ.11 RE=637C,.39 A 83
IF (M.EO.4) RE=6356.9i A8

IF I)4.FO.¶. RE=6356.91 A 65A
Ir(IXy.CT.3) so TO a A 858
IF(RO.NE..0.) IZF=RO A 85C
TF4N.EO.?.ANO.I.TNCt.01GO TO 4 A 650

IF ("ODFL.E0.01 GO TO N. A 86

300 RE-AD 4066, HN1,42,ANGLE,RAHGE,8ETq,VIS A 871
PRINT 4Z5, H1,tt3,ANGLERANGeEr16E I-k A 88

X 1 zz U H iA C9

IF hIrrYPE.EcJ.3t Ga TO 560 A 9C
yr (ITYPE.E0.1I GO TO 8 A 91
X?=RF4ýH2 A 13
IF (RANGE.E0.O.) GO TO 5 A 93
PRINT 4238, m1.N3,ANGLEftANGE,9CfErAES A ~'j-
IF 114'.EQ.0.AHO.ANGLE.P4E.01 GO TO 3 A 9f

GO TO 7 A 97

3 XZ=SQQT (fYL/RA WGE+RANGE/X1+Z.G0:OSIANGLE'CA) )X1'RAMGEI A 96
K~zX2-REA 99

GO TO ? A 100
4 CONTINUE A 1010

I F 1L .LE. 0 1MLz A 1U02

00 540 Kz*: A 1, 33A

ANAZEIKI=0.0 A 1038
TF(H.EO.1)REIAD '.?99H,N1P(7,13,TPP,DPtRH.WI~(7,~).WO47.K),Vl5,RANGE A 103C

IF(N.FQ.OPPRZNT 431,H1,P(7,1 , TnP,03,",WH(7,K3,WO(i,K),tIS,RANGE A 103D
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Table Al. Listing of Fortran Code LOWTRAN 3 (Cont)

!v(M.GTOIREA!) 4Z9,ZfKJP(?,K),TM?,)P,RH,HH(7.KI ,NO(1,KIANAZý (KI A &2,3E
.JTIF!W(Z(K) b1.0E-6)#1. A 1:0sF
IV(M.EQ.0) UK)=mil A U'3G
IF(7(KI .GF..35.0I Jr(Z(iJ'-Z5.0)/5.P*Z6. A 10,3H
TPAZIKJ.GE.50,0) JaZK-O034..1 1K31

yrf~~).v.?.0)J=IZtICI-?,0I/30.U#32. 413
IFIJGT.3tzA AI 3K

FAC=7(KI-FLOAT U-i) A 103L
IF(J.LT.26) GO TO 500 A 103M
rAC=(!(KI-5.a~rLOATIJ-26)-2s.l/f5. A 1JJN

IFFJ.GE.3Zi r*C=(7K-?O.:h'30. A 103P

ItH1M.GT.O)T(?,K)=T(NIJ)'lr(Njil.)/T(jMjJl)*'FFAC A 103T
TTN'1.j.S1/T1(7. K) A ±L3U
IF4RH.LE.O.0l TT=?73. 15/VE'73.15&OPI A 133V
IFIWH(t.K) .LE. 0.0) NH (?.K)=F (TT) A 103W
IFEIM?.GT.OJWN(T. 11K) tNH1('42.J1 IPWH(14,,L)/W1HIMZ,J ))QFAC A IG3X
r(R64.Gf;T.0. 0 1 W4I7, K)z=0 01*gjMq eA 17, 10 A 1.3y
IF(MY.GT.OVWOI ?,KlzWOlN13,J * INO(N3,LI/HO(MJ,Jl)'*IFAC A 133Z
IF(Z(K1.GE.';.9)GO TO 52Q A 1O 4'k
IPIANA7E(KI .E2.C.O)A'472(K):HZZ(Jl iI4721L1/H72(JiI #FAC A 1048

5t0 IF(AHAZE(K).FO3.0.OIAHBLZE(K)zHZIAJ)P(HZ1EU)/HZ1(JIIPSFAC A 1340
IF(WCOEL..EO.0)GO TO 8 A 1340
rr(KO.1Q~)PRINr 441 A 104E
PRINT 29ZK.(.lTPDaHWI)W.,iAtKA I104F

.M, CQNTIuut A ,1 #
IM=G A 104H
NLflIL A 1041
Mjifl A 104J
"?.=I A 1'54K

M !I:: eA 134L
C NOTE THAT Z(11 MAY NOT COWRESPO1D T3 THE VALUES GIVEN FOR STANDARD A 104MH
C MODEL ATNOSPNICRS A 104.N

GO TO 300 A 1:40
560 IF (RAHGE.GT.0.03 GO TO 5c0 A 134P

IF ('42.GT.Q.ý0. AND.H?.LT.HI) IFII0fl A 1D41~
GO TO t A lC4tr

580 ITYPV=2 A 164S
EVTArACOS(S.5S (RANGE'qANGE/(t1'KZ)-K2fK1-X1/x~ll/CA ai'. 01

S yir GoVA.........' A 1,,
IFINO=1 A 10b
SFTzCPA'ThETA A Z-?
r~z~Rr,2 A 10e
ANIGLF'=ATANIKZR'SIUBET) /(X2'COS (3EYI -XlI I/CA A 10f9
PAH4GF:K?'SIN(BEr)/,SIN(A*JGLE'CA) A 110
BF= zP%7T4 4 A11I
GO TO a A 112

6 PA NGE= fX2i/X±I I I S I N IANGL r wCA )'? A 113
IF (PANCE.GE.i.0) RANGE=X1OcSQRT(RANGE)-ABS(COS(ANGLE'CAI)) A 114

7 IF EAI4GLE.NE.2..OR.AHGLE.NE.t8e.; SET=ASIN(RANGEOSIN(AN$LECGAJ/XJ3 A 115
IF IANGLEgLT.I.) ANGLEmANSLE1tP1 A 116
IF (RANGE.I.T.O.0) RANGE=-Q*NGV A 117
BET=RETo'CA A 1l3t
PRINT 428, Hi, N?.ANGL%,RANGE ,OET, VI A 119

S CONTINUE A 120A
SUMPxO = * A 12CR
IF(IXY.LE.2 qREAo 406,vVIVZ,DV A 12ie
I rXYwL.tr)zpqzny 406,ViVZOV it 122'
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IF ITTYPE.EQ.19 PRIN4T 407. Hl,RANGE A 123
IF IITYPE.EQ.Z) PRINT 405. H$1M,42AP4LE A£124
IF (ITYPE.ED.31 PRINT 409. H4l,AMGLE A 125
IF (MODEL.EQ.5? P9=7 A 126A
IF MHE007) PRINT 417, V!S A 1269
IF(VIS.LT.2.@0.AND.VIS.GT*0.01) PRINT 4U.2 A 126C
IF (P9EQ.tl PRINT 410. H A 127
IF t1q.EQ.2t PRINT 411., " A£126
IF 1H.EO.31 PRINT 417, " a 129
IF (P9.EO.4I PQ1iNT 413, N A 130
IF INE.~PRINT 415, " A 131
IF (P9.EQ.61) PRINT 414, M9 A 132
IF (INAZE.EQ.O.I PRINJT 426, A 133
IF dM.NU.7qANOvIHAZE.GT.0j PRINt 416. ItIAZE,(-Z(IMAZE) A 134'
Aivow1100./v1 A 135
ALAH=tS8flQ.1V? A 136
PRINT 416, VltV2,OV,ALAP9.AVW A 137
AVW=8.5E-4"'(V14,V2I A 138
AVW=AVW*AVW A 139
COZ?7T46+0#*59 LAV, A 140
CNx&3.497-0.34Y3*AVW A 141
IF (i~vIN.EQ.1) GO TO 15 A 142

9 if (YVIND.EQ.11 CALL At4GL (H4I9M2,ANGLEvBETAvLFNMLI A 14.1'
IFI NOd A 144
If (JPvEQ.0) mRINT 42? A 146'&
IF (ITYPE.EO.1) GO TO 15 A 147
0011t K=1.10 A 148
V~hIK0 :0. A 14.9

11 CONTINUE A 15C

*R6. A 153
Ipme A 15'.-

C*99* NOW OFFTNE CONSTANT PRESSURE PATH QUANTITES EH(1-8) A 156
YsCAOANGLE A L57
SPNISIN( Y) A 158
RiwfRE4ft1'SPI4T A t59
IF (141.GT.Z(NLI) GO TO t3 A 160
Go TO 15 A 161

13 X-w4RE+Z(NL)1/fRE+H11 A 162
IF (SPNI.GT.X) GO TO 14 A 163
I41sZ(NLI A 164
JIlzIL A 165
spmnI'spmr/x A 166
AKGLEw180.Q-AS1N(SPMI)/CA A i67
Rls $RF+M1?OSP4ui A 1b6
G~O TO JS A 17U)

14 NNI*4-RI-RE A 171
PRINT 433, WIMNI A 172
GO TC 95 A 173

1s 00 17 Ixl,NL A 174.
P~xp(,T~ffI3.0A 175

TSsZ?3.15,'T Me9.10 A 176A
IF11.G.V.~flN.L.7)S'~73.~~TN1 1)A 1768

K. PS*TS A 1?7
PfuPSOSCAT(TS) a 176

IF1M2.GT.0.AND.H.LT.?1 O=V.L*MH(IZ,II a 61
EH(19TIND"~T"I.9 A 1e1*
FNC2vII-XOPT*#0.75 A 182'
FN1497I U6.60PT ON A 183
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FH(5, T1=IPPM.0 .U0d;#(PS-PPw3 1*0 A loý
IF4(6,T!I=X A 186
HAZEzKI(Z1 I A 1c,7
TF(N.EO.71 HAZE=AHAZE~rl A 158*
1F(Z(fI3.tE.5.0ý GO To 150 A 1z)94
IF1TH*7F.FQ.2)HIAZF=HZ21I1 A 19ýA
IF(IHAZE.EQ*2.AND.Pl.EQ.7)MAZE=A4Z2(I) A 19CO
IF(VTS..LE.C.0) Go TO 150 A 190C
HAZEz 6.3e9E(IHZ2hi-I4Z1(11IIVI3.HZlI(I/5.e-HZ2(13/23.o) A 1ý10O
IF (M.NE.7) GO To 15O A 19-'E
HAZEz6.38q'4 (A1Z2(I)-AHAZFI ))/flIS4AHAZE(IR/5.U.-AHZZfII/23.,D A 1?CF

I5A IF(IIAF'.LT.0.0:, IIAZEzC.0 A 190G
Em(?vI)=3.5336E-4*HAZE A 191
FH(8.II r46.666?*wO(M, I) A 192
IFIII3.GT.C.AN1J,1.LI.7) EHiat I)=6.6soP*iwOtN3,r? A 14i3A
EHt',I)rEt8*TD*PT**0 *6 A 1938
EN(9,1) =1.0 A i.3C
EH(1OII:1.0E-6*(COeX*1013.9/273.15-PPpW#CW) A 1930
IF (!.EO.NL) 1.0 TO 16 A 1-34
IF (MOOFLoEQ.0.ANO.I*GE.I) GO T) 26 A 195A
T2=1 (m,r ii A 1959
w2=MHfN,+I) A 19i5C
TF(M1.GT.O)T2=T(Wj, 141) A 195D0
YF!0N2.GT~e) W2=WH(#42,r#I. A 19SE
PPW=4.56iE-6*W?*IZ A 196'
rH(9.r)=u.5'(EH(10,Il 41.CE.6.(C3eP(1,I*1i,/T2-PPW.CW)) A 1970

16 IF 1X.EQ.NLI Em(9,Ilc. A 19k'
TV (HjeGE.Z(I)) JI=T A 199*
IF 1IFIpNO.EQ.0.OR4JP.,F.fl)n PRINT Lit.- A 7fT *f.

EHI9ti ~I~,1~1~OA Z:1
17 CONTINUE AsiLi'19~f~ 2 :2

A ?C5

XIZHIA 206
CALL POIT YE.EO.N'NI tT2Z(6. A 213

TXI=X19 A 2:6

IF (ITYPE.Fo.1J GO TO 26 A 217

IF(TYEE.T 2=(L A Z13
IF (ANGL.GT.0I 0 GO TO- 2 A 2201
If DO GEC.6t~~.P.Y0 21 Kzl,8 A 221

J2=NLA 216
IF (ITYPE.EQ-3P Go I'D 21 A 217
CALLJ41 POINT IH*NNNPT, A 22'
J1 CNTIU A 225
IF (JI.EQ.12l TX1=J21K1Y-1( A z22

20~ NO ?1 IN Kz VE TCA PAHUAIIE VN16 A 221

IF 4(JPE.EQa0I GRINTO 21 A 228'
00 25 ZIJ1,J2K A 224

21 COTINUEA Z251
IF (JI.EQ.J2) TXI=tXN1 -Wq. A 2M

C*** NW EFIE VRTCALPAT QANTTIE V(1-1 702



Table Al. Llisting of F'ortran Code LOWTRAN 3 (Cont)

DZZN2-xA 234

00 S :1O 248
C0*646 UPWARDIRAET3 A 2493

17 1I.EO.#IL) O TO22 A 236

22 IF I(EHIIGTI).E-101 GOS=TO +23*I4E*AjS A 253
IF ETH(KEITA.+ OO)GOTO2 A Z44
PIF (ETAIPOfl.E2.EHO,) GOT 4A 2157
EV=V/LOgEM60.1/EHKN A 2586
S~mTQ+D A 241

23 26 KaO e A 268
24 vHIICJHKqIgOE A 261

If IT.GEa.NL GO TO 22 A 250
IF GO1.~.2 TO(.Is23 A Z51
IF (I.K9I.EO.JI H4(,I~T1+)G O2 A 2652
RNEH3S( Ei MpI I EMHIQI + fALGE)v Eti + A 263
GO TO 2I4I'K A 257

12 IF iESALP.GeEQ.0o CPIOL AO 265

GO TO To72 A 270

27 CONTINUF v-11E1KII A 275
GO TO 24 A 259

*26 CONTINU A 260

2 NK2 V(K+S A 271

IF 1NP1.EoNL) GOz1- AO25 2G3
J2IF 4 (I!f.2 281b
TIFY £IF.1 M91=X 282
Ji iEl(q+I/H9T A 266
IF H2.TZ1J.1IOR.X.E.H2 AOT 3 287
IF (SAP.GEC.1.aNI 5H2.E.1JIlAOTOP A 265
CALCONTINUE HN,,PTP A 2869
GO TO K21. A 2k.?

29 00 27TXKu). A 2728
TV1KTxRANE*93 9 A 289*

27 COTINU A 295
GO TO.T.I 4z94 A 276

7 CNTIU A 2?2
IF NWR (J1.E.JZ) TURYI#N-HI.f A 293
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Table AlI. Listing of For'tran Code LOWT RAN 3 (Cant)

IF C142.GT.M11 TXi=TX2 
A Z3'.IF (JI.EQ JZ.a4ND.H2.L T.M1J YNI:TX? A 29c30 A0=(RF,$1)*SP41*YNl 
A 2:o6IF 4112.GE.H1) Y42=YNI 
A 29700 .31 I=1.Ji 
A Z98MMTN=A0/EM49,I)-RE 
A 293IF (I.tEQ.jl) 4INzA0fyN1-RE 
A 300JMTN=TA 

JIF (HMIN-LE.Zqy.1)) GO TO I? A 30)231. CONTTNU- 
A 32'332 X=HMTNT 
A 3.ý4IF fHPMIM.LE.0, GO TO 34 
A 305CALL POITy (YYN.N.NP,rX,rPi 
A LJMITN=N 
A 3:7

TX3=TE (fl 
4 3J18

IF (J?-SQ.N.OR.J1.EQ.N? TX3=YNZTX~qjEmg3,I) A 3w^IF (J1.EQ.N.AS4O.m2*GE.HI, GO TO 33 A 31CHHIN=AD/TX3-RF 
A 31.1

IF fASx"riG..0j GO T3 3? A41
33 IF IJ1.EQ.N.A4dO.H2.GF.H1) Y41=TK3 A 313IF WJ.EQ.N.A4UJ.J1.NE.J21 YNZ=TX3 A 3 v&IF (MZ.GE.H1) TXZ=TX3 

A 315IF (H?.GE.Hl) J2=N 
A 316IF (M2eGE.H1*.JRtH.2.LT.M4 M =H4IN it 311PPINT 436, HMMN 
A31IF (H?.LY.N14p41 PRINT 4.40, H"IiN 41 31.9GO TO 35A 

234. PRINT 4.16, HMIN 
A 3'.IF (H3.LT.Hj GO TO 35 ~ ~

IF ITTYPv.E0.3.OR.42.GE.1!iI MINT 437 A 323ITYPEm2 
A 324

TX~zE(q90A 325JMINIO 
aN3O

J2=1 A 326

*WwNON IJEFINE VvRTICAL PATH- QUA4TITIE3 VH(i-8) A3335 IF (JP.EID) DIT40A31
00 '.0 1-1,NL 

A 332.J=J-1 
A 333RFF=EHq ,J$ 
4A 334.

IF I.FQ1) P:7FYNJA 335IF qT.F0.1.AND.K2.EQ.1) RcF=YN2 4 336
IF ~ ' .A 

3 3R
)(2=7(j) 

A .339ZF 0eJEQ.J2.ANO.K2.EQ.O) Y?=HA 
4

IF (J.F0.JMNI.AN0.IK2.EQ.11 XZ2MH4IN A 34104M= JRF+XI) *SP-4 I-RE 
A 34?TF (HPI.GT.?4J).AND.HM.GT.W21 X2=HM A 34.3RX= IRE.XI, / IRc+X2 
A 344~IDS=XI-X2 
A 34S5ALP=90 .0 
A 346THET*ASIN(SPHTI, CA 
A 34?SfiLPzRXOSPHI 
A 348TF (ARSt)X?-HM,).GT.i.QF-S) ALP=AS1N(SALPjfCA A !4.9BEY:*LP-THET 
A 356TF (SPHI.IT.I.DF-101 0S=(RFa.X2)wIsI4qeýyuCA)/SP~r A 351THETA=15O *0-T'4ET 
A 352BFTAz4ETA,9ET 
A 353P!;l=STA-ALP-SP4G.LE,18~ 0 A 35g.
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SRSSD+OS a 355
00 39 KrIS * 356
AJtEN(K,J) A 357
AJsENIKJ4ý1) A 356
IF 4J.EO.J~l AJ=E(KIl A 359
IF (J.EQ.J2.AND.H2.LT.NI.ANO.HZ.Gt.0.03 AJ=WIKI A 36'
IF EJ.EO.JNIN.ANO.NZ.GE.H1) AJ=TXK(I) A 361
IF (J.EO.JMIN.AHD.ABS(M2-HNI.LT.1.O7-5,t *J=TK(K) A 362

IF (K2.EQ.O) GO TO 36 A 363
IF (j.FO.JZ) RJ:W(K3 A 364
IF UJ.EO.JNIN) AJ=1X(KI A 365

36 IF (AJ.EO.6.U.OR.BJ.EQ.C.') GO TO 5B A 366
IF fAJ.EQ.BJ) GO TO 37 A 367
F*VzOS' IAJ-IJ)IALOG(AJ/UJJ A 368
GO TO039 A, 36'

37 FUI,55 AJ A 370
GO TO 39 a 371

38 E00O.0 A 372
39 V4fM)VN(KR4EV a 373

IF (JP.E00 01 'RINT 4345, .JXlvdVflELSLz 8).PSIALP,SETA,TNEYA,SR A 374.'
IF IJ.EO.J2.AMD.912.GE.H±) GO TO 45 A 375
IF (J.FO.JNIN.ANO.KZ.FQ.13 GO 13 43 A 376
IF EJ.NE.iI RPI=REF/EN(q,J-1I A jn7
IF (J.EQ.J2+1) QN-REF/TW2 A 378
7F IJ.EO..JZ.ANO.KZ.EQ.O) RN:RtEFIYNZ A 379
IF IJ.EQ.IJMINI'i).AnOD.KZ.EO.1) jNc1EF/TE3 A 38)
IF (SALP.GE.R'4) P1:1.C A 3itl
5PNI:SALP'RN A 38?
IF IJ.EO.J2.ANOK2.EQ.0) GO TO 41 a 38.3

40 CONTINE A 384
IF Zr ININAF.fi GO TO0 67 A 385
IF (LEN.EU.OI DRINT 4!8 A 386
IF (LEN.EQ.CJ GO TO 4? A 387
IF ILFN.EO.1I PRINT 4!9 A 388
X2=1I A 389
KIfZX A 31~0
IF (ARSMK-MM4NlN.LE.O.U01) GO T) 4? A 391
g4=NNIN A 392
J=J241 A 393
7F (NPZ.EO.1I J=j-1 A 39se
BgErTA A 395
PNwiSUk.0-ASIWt 5PI4II/CA A 396
TSNSR A 397
PStPSI A 3i8a

42 E(K1:zyH(K A '.00
GO TOS35 A 'Cl

403 8ETA=2.'IqFTA-S A 4#02
P5Jz7.*PST-P3 A 403
S~zZ.'Sft-TS A 404

c LONS PATH TAKEN A 405
PH4IzPH A 406
00 44 X-i,6 A IOU?

41, VH(KhZ;.'VW(K)-E.KI A 408
GO TO #0 A 4092

45 00 tE Kxl.lG A 410
46 VH( K)z2.04V~tmKi~ A 41.1

BDETAs?.0*RETA A 4121
SRNZ.5*SQ A 413
IF INZ.EO.NI) GO TO 6? A 414
PWtTNI/YNt I 41S
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Table A 1. Listing of Fortran Code LOWTRAN 3 (Cont)

SPH~zSIWI ANGLEOCA) A 4s16

IF ISPh1I*LT.R'VI SPb4I=SPHIIRN A .i?

GO TO 19 A 4.19

067 CONTINUE A le.;
PRINT 406. Hq A '.19t
00 #.8 Kzll,@ A £0 '20
W(KlVHIIt A 421

48 CONTINUE A 422

U.9 WITE 46,4191 A 423

"WP!TE I6'Zl(iI,~.)A '.24
1=1 A 4.25

Lzi k£426

TVlrV1/5.0 A 427
!Vz~2V25. +.99 A 428
XV1=501V1 A 21

IV2=5*TV2 A 4 3C
IF (ITV1.L.35a) IVI:350 A 4.31i
IF (IY2.GT.5UndO) ivz=so0vO A 4.32
IF (DV.LT.5.) I3V=5. A 1433
YOV=OY A 4.34.
TV=IVI-TOV A #435

ICOUNTzQ A 436
c#**, BEGrmiNG OF TWAMSHYTTYANCr ZALC'JLATIONS A 4.37

56 V-IV+IOV A 4*38A
IF(JP.PdE*OI GO TO 52 A 4*388

IF (TCOUNT.EO.01 GO To 51 A '.3'0
IF f1COUNT.EQ.¶40) GO TO 51 A 4.4C

60 TO 52 A 441

51 TCOUNTý0 A 4.42

PR~INT 862? A %

ItXi!K) ý.0 A 4'.5

!F IK.LT.41 YVIE'1.O a 49.6
53 CONTINjUE A 447.

1COU10=(oIJNi ý1 A41.8
SUT8 0A 0449

V=y~ li A 45
I=11V-35ol/5+1 A 1451

IF 1IV.L0.i4O1) GO TO 61 A *.52
IF 4Iv.LT.Z?k1" GO TO 68 0 4.53

CM0000009 MOLECULAR SC*TJTERTW A 4510

c6z9.S01E-zc* V99..UIII) A 4.55
TXg61=C6?W(6I A 4.56

1F 50.i')UJG TO 72 A 4513
IF (IV.LT.1300C) GO ro 6S A 45-j

Coo**** UIV 07ONE A 4'.~

IF (WoL.LE234P'Ul GO To 51. A '.bl

IF ETv.GE427530) GO To S5 A 4.62

Gu 10 S87 40
506 wxK:2uO.t A 4.64

xfzIv-j3t,00.Oc fxw(~1.O A '.65
L1%I A '066

L2-53 A '.67

GO TO 56 A 4.t8

55 XX=5U9.0 A 464i

XI~fV-2?500.61fxxQS7.0 46'70

11:57 A '11
L2210?- A 4.72

56 00 S? PWaL1,LF A 'is 7
XD:2!-FLOATIN) 4 '.740
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Tablet Al1. Listing of Fortran C ode LOWTIRA N 3 (C oin)

IF INOI Sq,58,57 A 4.75
57 COHTT'4U'ý A '76

GO TO 64 A 4.78
S9 AXS~SW,'*4~N-6I-) 4'79

TX(SzWI)'TX SIA 4.60
61i SU3IuSUNI.Tx(e) A 1.61

I~r(!VsGT.1511G0SI TO to ?A .2

GO TO 69 A 1.83
Co~"***** WATER VAPOUR CONTI'4UU" A '.8'
61 IF (TqeLf.670h Go ToY A2 £.5S

IF (!V.LT.7601 SO TO 66 A 1.66

DO 63 N~cl,15 A4868
X94uX!-FLOAT W4l A 4809
IF fX'i) 65.686,63 A 4 -?

61 CON4TINUE A 4.91
614 TXl5)r.C5tNH) A 1.92

GO TO 67 A 4.93
65s TX(5I=C5(NH)4KI4*(C5CNH)-C54(NH-1) A '.91

SA 1#96

GO TO 672 4199

c***~ HTTP )GE.4 CONYIIIUUH A 5 uC
GO IF I.T.S~ GO TO 72 A 5ý1

Khzl-346 A 502
*T Sý'. '- = C N 4 " ' 1 A S013 A

SU~mSU,"*TX(4b) A 5g1.
GO TO 7? A 5i35

C*00*"* HATER %I'OUP -A 506
69 IF fIV.LT.1Z6Ql.ANO.TV*Gt.9$753 GO TO 70 A 507

IF lTVs.LE.1'.5?0.ANO.Iv.GE.I36O0) GO TO 71. A SIBfGo To 76 A 539
70 Ta-135 A sic

GO TO 72 A sitJ1 ;2 K:I r 7 A 511.
72 KIZIA 513

IF IWIII.LT.-?.3668) GO TO 76A51

IF EWS1.CT.?2.34~I60) GOT 7 510

IF IMSI.GT.3.56S2) GO TO 75 A 517
00 73 Kz'(I96? A 519
IF lWSl.LE.FWIICII GO TO 7'. A 520

73 CONTINUE A 521
76D TX(1IuTft(KItITRWK-1I-TtR() I IFfW(K)-WSAI)/ FWIKI-FUECi-1J) A SZ2

GO TO 76 A 523
75 TX4 )MG.0 A 52'
76 COKýTNUE A 525
Cv**wq* UI4IFO.k..4.T 141XEU GASES A 526

IF (IY.Lf.$361.AHO.lV.GE.500) G3 TO 77 a sz7
If ITV.LY.1313.4AND.!V.GT.129701 GO TO 7O A 526
GO TO 83 A 5Z9

77 JUT-53 A S30
GO TO 79 A£531

To Ju(lIv-1fql53/5*1516 a 532
79 JIF(fI.L.T.1.IE-2S) GO TO 33 A 5334

K121 A 531.
MSuALOr1~li(ZII .02(J) A 535

75



Table Al. Listing oft Portran Code ILOW1'RAN 3 (Cant)

IF (WS2.tT.-?.34s.6O GO TO 63 A 536
TVIF WS.GT.!.1,6fl) GO TO 7,1 A 53?
Ir (WS2.GV.2.11 Klm4B A 5 3P
P'O 8C KuP(1,67 A 5 39
TF (WS2.IF.FW(,()l GO TO 51 A 54'.

81 CONTINUE A 54.1
61 TX(2) :TR(IKl (?RIK-t ) -t~f(l) 3W ( K((-NS?3,(FWNI'0-FWIK'-13 A 5'.?

60 TO P3 A 54.3
62 TX(7VrC.11 A 5416
63 CONTINUE A5'.5
CG464K OZINc A S6'.

IF 41V.I.T.5?5.OR..Iv.GT.32r01 r~O TOl A7 55-1
Lml-A 54,7

WI ~1 A 54.6
IF tio(D.LT.I.QF-20) GZ T1 ST A 5..4
WS5=ALOG1O (W(3))-CIIL? A 553
IF (Wr-3.LT.-I.6774) GO TO 6? A 551
Tr (N93.r.T.3.134.5) Go TO :6 A S12
Ir (WS3.GT.I.51 Ki:.36 A 553
n0 5'. KtK1,67 A 554
TF 1W';3-LF.r0(K)1 GO TO F5~ A 555

8'. CnNtINUE A 556
r5 VXf3,=TRIK-(TRl(,)-T~liK-111I 4FO(.c)-hvS5I/(FO(K) -FOEIK-i)) A 558

Co Te fl? A 559
66 TX(31=e.5 A 560
67 tCONTTNUE A 561
Cf*** AEROSOL FXTtNCTION A 562

AL4"1.9E4/VA 563A
XX=Dfl. A 56393
'VY=O.3 A 563c
IF (THA?E.Eý.O2.1 CO TO 93 A 564.
n0 88 N=1,.44 A 5656
XO-SL £f-VW (N) A 566*

TF(W)OR.8,05A 567'
86 CONTINUE A 568A
89 K=C(-34-)KV(-V(-J*?()A 5bAS

YY=(CA(N,-C7a (N-:.)) 'EO(UE(N -dE(%4-l))*C'AEN) A 5baz'
30 Tx(1O)=YY*Wt7) A 5680

TY17=X%*f?)A 569*
SUM=';UM4-TW(?f d 57 3
'TV (9) =SLI A 571
IDO 9'. '(-'.10 A 5724
IF (T)i(K).Efl.0.0) GO TO V? A 5' I
IF (TYCKI.LF.D).11 GO TO 91 A 574.

.r GO TO9 A -575
TII(K) :(TP(-T/IK)) A 516
GO TO q% A 57Y

91 TW()UKI1.0-TXM*0..5*rV1')*Tx(Kq a 518
Gv TO 9'. A 579

92 TXt'()nl.C A SaQ
Go TO q4 A 56,

93 ITX(KOzC. A 5S2
94. CON4TINUE A 583

Tik(Ifl=I.0-YXII0) A 50!#
TKXq)z=fI1)*T~t?J*rXI')1Tw(9) A 56'.
IF (Iv.GE~t3o36) TE(3)rTK(5) A 5,-
7F(JP.f1.lf)TX(9J:TV(7) A 566A

A 5o~c
SUMAzSU"A.A8')V A S660
TFIJPJ.O3.0 WOJTT(6,'.?S) IVALA4,TX(93,tTEE(K).Ký1.?),TX(1U3,SJ4A A 587,
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Table A 1. Listing of Fortran Code LOWTIHAN 3 (Cont)

IF (IV.GC.IV2) GO TO 95 5A
G0 TOS A 58

is READ 4860 INY A sic

PRI'4T kri, Iv1iV?,rsLuilA9AB A 5918
PRINT AUSUIXY A 591C
TF(IEY.EQ.01 SO TO 0OC A 5-ilD

is GO TO 19G*Zv9?97,90I)qIxT A 591E
Ks'Ao 46 vl9vz9oVa Asiz
AVtwulloo0s~V1. a 593
ALAMDI(!seo./V? A 9
PRINT 41S, VlV2vOVALAM,AVWI A 5115
SUMAZI. & 5960 A
GO TO 49 A 53?

97 IF(WOOEL.EQ.01 GO 70 Zo5 A 596A
GO TO 304 59ps

90 wtO'fOWDEH?,TPE.F4J~qM.92wnLQ 598C
PRINT 4S0,0*ODýL.HAZE.ITY0EPLENJP.IMM±,9qZM3 .L,RO A5,jeo
GO TO 200 A w598E

too STOP a 5994
4811 FORMW111~3,FIO.3) A b3C*
#all FOPMAT ISElU.31 A 6:1
%162 FORMAT (b1ZlU3F.,EuI)A 6Z2
W03 FORMAT (14.f6.1.2F7. #I I A 643I
413, FORMAT (ISFS.?) A & C'.
1615 FORMAT (grq.21 A 6 ýsI496 FORMAT 1?rI0.31 1 606
4067 FORMAT Ii/iMtxat HORIZONTAL PATH, ALTITUDE :,7.,IH ",RANGE :,A b:7

1F7.393H XMI A 6ý5
4.60 FORNAT £,.#IUE,50" SLANT PATH BETWEE4 ALTITUDES HI A4D Ha2 WHEP.- H41 A 63

1,~?..U m 42 K lM4ENIT-4 A~nLF xtF7.3164 DEGREES) A 610 .
#619 FORMAT f/ulO0X,39H SLANT PATH TO SPA:;E FROM ALTITUDE HI1 -vF?.3,19" A oil

1KM, ZENITH AM;LE zeFf.398H OEGR-EESI A 612
1411 FORMAT 1/?1X,iSH MODEL A1VM0SPHEFR *.1.1H TROPICALI A 61]
1411 FOR"AT I/Z11.ISH MODEL ArP4OSPHEIE 119;!14 9IIOL&TI1UJD SU 1qE I A 614.
#412 FORMAT (/26X,1&H MODFL ATMOSPHERE 1.21,ZH MIOLATIT~JOE WINTER) A 61r,

% 413 FO~RMAT t/?4OK.ISH MODEL AT40SPHEIE 911921H a SJO-ARCTIC SUA4NER I A 616
41145 1ORMAT 112lX,16H MODEL ATMOSPHERE ,I1,ZIN 1Wb US STANDARD I A 617

*415 FORMOAT 1/20Y,I64 MODE L ATmOSPHERE .11.2114 zSOB-ARCTIC WINTER A 618
4b16 FORM4AT U!U$X,LSH HAZE M00O'L ,Il.314 =A5,13H VISUAL RANSEJ A bi
4617 FORMAT (.*25W'4ATE MODEL =w.F5.I,' I(N VISUAL RANGE AI SEA LEVEL91 a 6ze
4.18 FORMAT (l,2HFREOUENCV RANG:_ Via ,FT.1,13-4 CM-I TO yZ ,FT.1,1 A 621

144 C"-I FOR OE a.Fb.1,9x :M-j (,F6.Z.* - 0,F5.2,0 MICRONS I-) A 6122
4.19 FORMAT I/IOX,39H EQUILAVENT SEA LFVrL ABSORBER ANQUNTSI/21I~II.HMAT A 623

2 ROL SCAT AEROSOL 3ZON--6U-V1/2f.X.FHGM CM-2,ICX,2HKM,1 A bZs
3OX96HATM C'1,l0X,2HKM.9X,?HG' CM-2,LOX,2HKW,13K.2,CN~IIIO,SHArM CHI A 6?6

4.26 FORMAT IW/~O,' VERTICAL PROFILES '.'F"S"tX"N'6, A 627

Is? 1 FORMAT £/lIX,9 IISzlS4.3I A 629
4.22 FORM4AT (1041,1IOX,32M FREQ WAVdEN.mltm TOTAL HZO0.5X1.NCO2*.5K~b A 630*

1.l0H7rMF4 "? CON! H?0 CONT "CIL SCAT AEROSOL AEROSOL INTiLGQATED A 6310
2 /11.1,.14H CM-I MICROMS.6(4Sin'5TjAMSI.4%.20H ARS ABSORIPTION 0 A 63?"

4.23 FoRM"AT LX1,Sy..V2 A 6334
'.210 FK)RIAr (1 INT:I.,IA7;_1 ASIPOFION FRUj1,1iv* T2,#I-wo CM-1 *",i10.2p a 63d.A

%25) rWMET (13X.7F1a.3) 63S
4.26 foRmar (fCX *A-__-R0OL tCA~rERj1&G NOT rO1V*UTfO,:41E(--4* 1 636
4.27 Fo#'4IT 4i-c ,/i''cx, Ij-$ Hoc1(!aNTAL ;1;k3rI~.S/) A 6§r
'.21 F30PQAT si' ~ 4P4 F.,,NLISe~~.RANG A4638

1.33 FO*4ATCI0AX,*INPUT 1FTETD-!1LOý-ICAL OATAiufj3z,Zjr'j7.2v KPII, P5',F? a 6*1



Table A 1. lA.-ting of F~ortran C(Jodc I.OWTHAN 3 (Went)

14. M9T:%5.,' C E-W PT.TEWPSý.I,S C, REEL HUNIDITY:',FS.I. A 64?'
2' X, 4?0 9NSTTY:',1P:9.?.# GM 4-3*/10X,' O7ONE QENSITYr',E4.2,'* G A tU43'p

3M-3. VIFISUAL Ra4GEr '* OPF6.I, K" ý=9 11.3 K4 * 1 A4644'

4011 FCRMAT 4If IC6. 2, 2F?.5)1 A 4U45'
43Z PCOtIAT 4m STAuTING PArAHETERS HI AM:) AN(UL HAVE BEEN kEOG;t-INED;Hiý 4 %)46

1 *oF1O.3*AWCLE =*,Fjt.6j A E47?
633 FO:ZMAT (4 tRAJECTORY IATSS-ýS EARTt4S ATMOSPHERr. CLOSEST DISTANCE OF A b48

1 APPPOAC.4 Is,~.,E/lE1Or CALCULDTION') A 64.q
4304 FOQP'AT AtN.~,6I IIFZ.) A 6

If3C c CRUAT (5W j,~*¶4q,?.3A 6151

063~ EORMAT ( MI'J = *9 F1'. 3; A 652

t37 FORMAT 4'PAT-a INTERSECTS EARTH - PATH CHANCED TO TYPE ? WITH H42 A 653

1 V .0 K M ) A 654

43M4 FORMAT 4' CHOICE 0' tW3 PITHS FIR. 7-4S CASE -SHORTEST PATH TA'(EN. Aft' r

I F3R LONG'rR PATH SET IEN=l.'P) A 656

Of!39 FORMAT Is CHOICE OF TWO PATHS PJR T~jS :ASE -LONGEST PATH TAKEN. A 65?
1 FOPSOR PATH SE T LFN = a 'i A 658

4#fl VQOMAT f' 42 4AS SET LFSS THAN 4414 AND HAS BEEN4 RESET EQUAL TO A 659
1 4414 I.E. H' 9,T711.3) A 666

t41 FORM4AT(* NOUn. AT4OSOHER: NO. ?'P,9 16X,47 (KM.'1,3X.'P (4M9),4X, A 661'
I VT rr, OEW PT XRH H'O(GM.N-3) 03(;M.4-31 NO OEN.fI A 662'

F~ rOR~M7(P FCOG coo "lý;MY -K
t•'T AT 3:1 WVL OK THIS VISUýL RA A 66 3'

tWZE"1t. IW; So fl, A3J3Mr Tn:. RA~jftlIrTTA4^-E 34-T 05 10 EQ S GI VEN A 64Th'
I8Y THr TRANSMTTTAC-E AT C.55 MflROMS') A~ 605

ENS) A 666'

'SUBRO'JTINF POINT EX.YN,N,-4P, Tx,IL) 9 1

DIMNSIN x (0)3 3
c* as O of of of ** * *5of**5s5o o va ##0vo*a#wu f~w*ewfote#4#*a4u.04~ 44

S u9OOuTTNr POI4T COMPUTES THE MEAN RSFRATIVF INDEX A83V:' AND 3ELON 3 5 '
r SVrN ALTYTJDV AND INTFPOLATES E-XPONENTIALLY TO DETERMINE THE 0 6

c E^QJIVALENt ARSýORSER AMOUNTS AT THAT ALTITUDE.8 7
C

C Y IS THE' HEISHIT IN QUESTION 9 1.1
C TEIR) ANO Y.N ARE THE MEAN RSFRIýzTIUE INDIOCcS A-JOVE AND BELOW X 6 12
C N IS TWE LFv7L INTESER CORRZESPONDING TO X OR THE LEVEt MELOW X 9

r N -4P=!---------H 1;7 W 1 MODEL AT 4ISPHERE t-UVEL ITF NOT NP a 1'.

c Xn1-u ARE R93SOR9ER AMO1UNTS 'ER (M AT HE!GrIT X G 15

N= 04L B 17'
NP =0 B 18
IF (K.LT.0.0l XtO. 8 19A
IF CX.GT.?(NLII GO TO % a 19B
00 1 I:1.NL B 20

IF (Y-7gI1I 2.. 6 22
I CflM~I4U' 8 23-

N~M-B '1 2



Table AlI. Listing of Fortran Code LOWTRAN 3 (Cant)

TX(3J=CO'PXI/TXl-4.56F-64'NXlTX1'-CW a 31
TX(2)!:CO'P(M,.J2)/T(M,J2I -4..SE-'*iH( M,J2)'T(MJZ)'CW 8 32
TX(1) =CO'P(M,Nb/T(M,NI -Cý.56E-6'Wi4(M.N)'T(M,N)WCW 8 33
TXig) :C.5E-6'(TX(2s 41TX(3fl 8 34
YNZo.sE-6ItrXwii+TX(3)) 3

IF CT' .EQ.0P GO TO 9 8 36
00 3 K=1,5 37
TX(KI zO.0 8 378
IF IFH(KN).EO.0.O) GO TO 3 8 353
IF CEH(K,N).GT.1000.O) GO TOQ 83
TX (K1=EN(K, N) (EH KICJ'2) IH( KN))*-4 BEt 4
CONTINUE a 41
Go To 9 842

4 NP=1 43
IF 4IP.FQ.O) SO TO 6 8 44
7)0 5 K=1,R 8 45

5 TX(K)=EH(K,N) S 46
6 TX(9?=FH(9,NI-i. 8 47

YN:O.O 8 45
C""'* CAPlS 0 24 AND 501 THROUGH 59 ARE NO LONGER REQUIRED 8 40+

IF (N.GT.1J YNP',J1-.9 49
9 CONTINdF B 6D

IF (IP.EO.i) PRINT 407, x,NNPlrxuD,*YNIP,(TX(C)K=1,8)t6 8 61
TX(9)&TX(9)#-1. 6 62
YN=YN+I, B 63
PFTUPN 8 64

C 61 65
400 FORMAT (i',* FROM POtNTI HEIGMT=#,F13.4,' KMN:'.I3,',NP=',IZ,',REFE 8 6ý

i. INDEX ABOVE C, BELOW a'2i~,.P,3/tXEU~ O~fE 67
2A'NJUNIS PER K4 AT B=,E:3 65
E140 8 69

SURROUTIN17 ANGI, (Hi ,N3,ANGLEB1,LEN, ML) c 1'

COMMON Z(34) ,P(7934) ,T(7,34) ,EH(10,5I,),WH(7,3I,) MNLRECMtCOPI C 2#

UI'IENSION IXCIOD C 3

o C 5
C THIS SL,4ROUTINE CALCULATES THE INITIAL ZENITH ANGLE (ANGLE) Cý 6

C TAKING INTO LACCOUNT REFRACTION E:FFE;TS GIVEN HiHZ, AND lIFTA C 7
I WHER'? BETA IS THE EARTH CENTRE ANGLE SU9TENDED BY Hi AND H2 I

C ASSUMING UHE RECR.ACTHEf INOEX T3 OE CONS'T4NT IN A GIjLHN LAYER. c 3
POR GR~EATER ACCURACY INCREASE I-DC NJW8ER GE LEVELS IN THE MODEL C 10

C ATNOSPHEPE. C it
C C a.2
c THIS SUB1ROUTINE. C;AN CEo RE' ovED FROM THE PROGRAM IF NOT RLQUIRED. C 13

0 C 14

I P 99 c 15
CA=PT/180 * C 16

Xi=REtH1 C L7
x2=RE'44e 4

LFN:0 * C 19
11=0 C 20
81=SI*CA C 21
IfEC4i.LQ.C.Q) 8t=AC)S(YU?.,X1? c e to

THCTIATAN(TANSJ C 23
IF (TW'-T.LT.'2.0) INET=tMEI4PI C ,ý 1
SP:iI'SIN(TI4ET) C ?5

79



T'able Al. Listing of F'ortrani Code LOWiHjA N 3 ((Coot)

ANG:THET/CA
t c P'1'iT 404, 01,ANG,TANI; 27z

TMrTN-EL .5*CA 2z
* I ANGLF=T~rT C3U

FPT=C. c 3t
qCYMOU. G 42

OFTZIC YN

FPT1=0 t; 35
FPT2rO 36
VB1T3= .0 1 0 P
!F(Ri.LEO¾0G GO TO ? ' 37+

c PPINT 400, IT C I
Y=, . I HFT
IF (Y-PT.GT.l.CF-M) ',O TO) 9 £2-
IF (IP.EO.j60) GO TO F6 C 1
XMTN=Y32'COS(Pi )-QFRE4
IF (WHITN-Hi) S,4,'*C4

2 HHIN=H2 C 1i
'42=H4, C (t413

TM FT ANCL r 45

ANS=ANGL7-/CA t.
c POINT 1404, B1,ING,SPHI `
4 IPý=10 0 C -9

CALL POINT (HiYNNNPTXID) c -
Jl:N C 5
TXI=TX (9) "Ir

C CALL POINT (H27,YN,N,NPvTXI 03) r
IF (NP.FQ.l) N--Ni C .
J2:N c 1
IF (JI.EO.J2) TXlzTXI4YN-(H( 9j,4) 56
DO 0? J~JI,J2 r,
YJ =zRF + 7(J) 54
X2=9F4?(J.-1) C
IF (J.FO.Jl) KI=RE+IL
IF (J.FO.J2) X?7PF#W2 C'

PN=FH~(94,l j /cH4 e,j 64
IF I(J4I).EO.J?) QN=YN/EH(9,J) C .61
IF (J.F'Q.J1) DN=EH(g. J#I*/,T~i C.b
IF l((J+1I.C.J2,ANO.J.EO.Jt) RNIYNfTY1 C 67
BFT=THET-ALP c t
FP=-TAN (ALP) C ;
IF IJ.NE.JI) r;3Fl3*rAN(rH:Y, C; '0
FUVzF9T +F,9 C 71
BETA:A1F TA4IL rRJ7-
tml=THFT/CGt IT
-E =9E T /CA C It.
CrALP/CA c ,

C PRINT '-02, J.,7 (J).,T Hr-T ,AL P,qrTF 3qfT A.r1UT3, T Hr I EC 7
VF EX?, EO.RF+'42) CrPI-ALP 7,'
IF CSLOWwd 7N1  c i
S P44YrSAL P/P 7N
lH-FV=ft5lN(SPHT) 1;19



Table Al. Listing of Fortran Code LO)WTRAN 3 (Cont)4

7 CON~TINUE C 3
I7(81.LE.0.dI GO TO 29 C 81t
GO To 26 e2a

S CONTINUE C 83
TAkGc-TANG C 84
AWGLE 291-ANGLE C 55
TN=ANGLE cb
ANGmANGLE/CA C 87

c PRINT 406. 1SI,ANG.TANG c 88IIF (N1.LE*.US) GO TO 3 c e9
9 CONTINUE c 90

xPXICI C 91
CALL POINT (HIV~NNP~tdlTx.IPJ C 92
TXtxTX 19) :Z 93

YNI*YN 1; 94
IF 1NPI.EQ.11 NzN-1 c 95
J2=NL C 9GA

JIN" c 97
JxJ1li C 98
IF 1942.GE.NII GO To 13 C 99
CALL POINT 1#42,YN,N,NP,TX,!P) C Icc

YNZ'YN C 1322
J2zN C 111
IF (J1.EO.J21 IX2:VNi*.TX(9Jo-Eti(go ill C 104

X129E*2 U+fl C 106
X,?nRE.7 (J) r 2

IF (J.NE.JI) rBFSTANIHrT,10
FRTP=IFI1TI ar c Ito

iRE-ST/CA~p~R C I24

C PRINT 6029 4,X2.T$ET.l9PVHrTS!TP,BNIN,XNNFR1T±IEA C 126
IF (X2L.EO.RE*N GOZ T C 1-AL C 127

IF *JMI.EO.i) GO TO 12 C 131

!F(JEO.J2*1SP) R EFT2C 1335

IFJEO.J21 R.REF/YN C 133C
IF (SALPG.RN) rNm~-TI. HT c 13'

SPNZSALP'RN C 135

IF(ZJ.E? GO To 12 c L13

P~wEM9,JlEH(9j-i)C 13



GO To 16 13?

IF STJ-?.T1.E1.N..Et GO TO 13 C 139

1s4 Ji 4

RFVQ~f71I 9.4 C 149
IF (J.FQ.J21) )(IRFn' C 14C
SALF X S"F~j.NT/E NEJ1 21RF C 151

14 LP=ASI ISALI C 14S
T9JET=ASTN(SPHTIQ c 4

IFrr=LP-LTNET I OrO1 C 148
FB:TN(API TANTNE C 149
IFeT2r8.FQ.J2 QE Nc 156

AALLP/CASI(A C 159

qtHýeTHETifC C 167
C P=TANY A'2, .X2TAN4TETAP7E281,MNMNFTHEt C 615

FPNR=rEN(9J+F 1 C ±62
IF (SL=.G.R2 R=1.f C 157
S Pi4 I SAL.0 RN C 16'
CO TO 13A C 1e9

YNL:TX3UC C 16?
C PIF Y (A8S(2, 7(Jx2TE,1l)LV.1.ar2, Y'diTXBImNFTH A (3C 165

IF (SAAS(H:-Z(J+)).LF.1'.OE5 Y0i1X 169

CO TO 19 C 171

YiP:162 c 173

IF (J.EO.J1.O(JM.EQ.J2) TX3 YNitTXE3)EHJ C 168
IF (MMIN.GTW4J2 ).Fj0-) TXI:TX(9l Cý j67

RNtREFTX' C 179

OTFCALL PHMINT X (HIqNNNj~ )c 183

IF (RMN.O. i~e FTX3=~TAN(TH) C 177
TV (PN.EQ.1)AT;HMNG.2 GO TO 20 c0 173

X=Xt#SPHI-R 1;182
DTF!A2S GE12 TNW C 193
St4IN=9TX slT c 189.

IF (M?.GE.H1b GO In70 23c 195

BMIT'RETI'2.8212 C 196

061=81-6671



Table Al. Listing of Fortran Code LOWTI*AN 3 (Cont)

c £97

21 083mAS(S4MIN-fluI c ~
IF1VJP3.GT.0Sj.4NO.U9jý.GT.0S1) G3 TO 25 C 11i8
171082.GT.083) GO TO 22 C 199c
lF(0H2.GT.O8:13 GO TO 25 C zo0
8 FrAxrqFT C 221
FSTzF8Tl,2.0#t F6T2#FT3) c 2#32

LEN=I.C 203
GO TO 26 C 204

22 0ErA=REr1.IET2 C 2j43
FBT=FST1GFNT2*~FBT3 C 206

C *PRINT '.01. JSETAF9TFeT1,reBT2jBOT3,TX£,vNI C 207
Go To 26 C Z00

23 8FTA=2.Q*(9ET1+BET2) c z39ILEN=1. 21
PRINT 4.01, .jBETAJFBT,F8T1,FBr2,FBr3,TXi,'VNI C 212
IF (H2.EQ.Mi) GO TO 26 C 213
IP:1v3 c21

IF (Z(J1*1).LE.H21 GO TO 24C 1
*N=TX±i/VNJ.c
IF (SP04I.CE,1N) PNzl. 21
S$PHT=SPHlo#F c22
THEYzASYN (SPHI)C21
GO TO 5 C 222

2'. CALL POINT (H2,'VN,N,NP,TX,IP) c223
TX1-TX1 4YN-EHI9,JI) C 224
ftN=TX1/Y'Mi C 225
J2--Jl C 226
lt ESPHI.GE*RM) RN=1. C 227
SPHIzSPI4I/RN C 228
THET=ASIN(spmr) C 229
GO TO 5 C 230

25 BETA=RFTI C 231
LENz0. C 2.32
78TzF9TI C 233

26 C 234
OSE TA=SET A/CA C 235
BuSETjIC& c 236
TN1mTHETfCA C 237
PRINT 4.04, BETA*DBETA,FBT,TM1,T4NG C 238
IF (THET.GT.TN.OR.THET.LT.Yt1) THETm(TNOTM)/2. C 239
TP4IsTHET/CA C 241
PRINT 404, 8EV1,8,F9T1 T~l C 240
TN1=TNtCA C 242
ViqImTMqCA C 243
PRINT' 405, TN,TM,TNI,TtIl C 24.0k
SPHImS!NMYHETS C 24.1
YANGmTAN( THEY) C 245
IlsITti C 247
DBECASBSIOL-BEYS C 245
OTNSABS(ANGLE..TNET) c 249
IF (IT.EQ.10I THETzu.S*(&iGLE*rNET) c ?50*
IF (1I.EQ.tQ) GO TO 2M C 1,51
IF fE..10-.NoT.rg-IGO TO I C 252

25 ANGLt2T4[TfCA C 253
PRIN~T '.06, AWSLE.Ir C 254
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Table Al. Listing of Fortran Code LOWTRAN 3 (Cont)

RFtUQN S 255A
29 HMVM. C ?5553

ANGLF=C/CA 2, 55C

PRINT 406, ANGLtTY C 2550
RFIURN C 255-

C C 256
1400 FORMAT (//a ITrTERA'TIN NUMB-ER 0,T3,//) G 257
4el FORMAT (16,EL6.7,eC13.31 0 258
402 -ORMAT (-.4,Fl9.4,6El3.4,4r•I•0,4/) C 259

4.03 FORMAT (' HTN= *F914 .6,# OIF=*'EiI.6v* PR7'0,E6.8) C 26C
404 IrORMAT (t TOTAL BETA = =*.-lO.b b,,#-T :.E14.6,• INET =',i1 C 261

1,6,WTAN6J= r rJ .6,'e) 2 262
4045 rORMAT (5rI;.6) C 26!
406 FO•f4MT (SY/IHl1',ZENHTT ANGLE *,F?.3,* OFGRIES I RE'ONPUTED 264

I FROM SU9ROUTINE ANGL (rTTERATI:)NjI3,I')*) 2 2b5
FNI C 266

The input data given in Table A2 can be summarized as follows:

(W1 The first card gives the number af model atmorpheres IATM to

be read in and the nunmber of levels NI..

(2) Thc ecxt Fix cards vOritain ihe haze number (densities (HAZE I
and tIAZFC 2). Units: cm -

(31 The next 102 cards contain the model atmosphere data for the six geo-

graphical models (with two models for each altitude on one card). Units:

altitude (kml, pressure (nib), temperature (°K), Ht2(0 den ity (gin m-3),

0)3 density (grn m-3).

W4) The next II cards contain the aerosol extinction (W7) and absorption
(C7AI coefficients as a function of wavelength VX. The o-der and units
are as follows: %'N (urn), C7 (km•1) and C7A (km- I)

(5) The next 17 cards contain the transmittance scale (T10 and logarithmic

scaling factors for water v:ipor and the uniformly mixed gases (FWW, and

for ozone (FO). Units: 112f) (Iog 10 gir cm -2). uniformly mixed gases

'log 10 kmn ()3 (log 10 atm cm) respectively.

(6) The next 344 cards contain the spectral data for the ,arious molecules

in the following order: C1 (tf2 0), (C2 (uniformly mixed gases), C3 (ozone),

C4 (nitrogan continuum', C5 (if2() continuum), ('8 (UIV ai d visible ozone),

The parameters Cl, ('2 and C'3 are in the form of logariti mic absorption
. -1 2 -1coefficients, with units log 10 (gm -cm ), log 10 (krm -1) and log 10

(atm I cm -1, respectively. The units of ('4 to ('8 are km -1 "
(7) The last four cards contain the operational instructions for executing the

program and are discussed in detail in Section S.

A waxenunhber (cm I-) ident-fication is given in the last 5 columns of the

spectral data cards described above. Labels identiiying the various card groups

are also given in Table A2.
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Table A2. Listing of Data for LOWTRAN 3

6 34*
2.830E+03 1.245Et03 5.174!&082 ?.257Et02 1.1'Si3F02 8.992'E*0I 6.3414E401 5.993E.01
6.073E+-01 %62?Et~l 5.679E491 S.320E6Ol ,.SS9EtC 5.15QE+C1 5.CSEtC1 4.147E.0l t
4.514E.6l 4.460E+Ot 46317E+01 1.636E011 2.661E.0l I.935E+0l 1.4156E+01 l.1ii.EtOI
6.831E*00 7.43'.E+01 2.239E+O0 6.693E-01 t.551E-01 4.064E-02 1.G76E-02 5S.53E-05
1.970E-080.r
1.379Eflb4 5.034E401 1.845E.03 6.735E102 2.454E+02

6.0 11013E+123 330.0 1.9E 01 5.5E-05 1.013E*433 294.0 1.%E 01. 6.3E-01,
1.0 9.040E*0? Z94.0 1-3E+01 5.iE-05 9.020E#02 290.0 9.3E*O2 6.3E-35S
2.0 8.OSOF+02 269.0 9.3E.Or 5.##E-05 -).020E+02 285.0 5.9E&-00 6.DE-05
3.0 7.ISOE*U? 26s.0 4.7E-+0-- 5.LE-35 ?.XOVE*02 ?79.0 3.3EI-G3 6.?E-L5
'6.0 6.33$E+02 277.0 2.2E+00 4,TE-05 6.26CE4.02 273.0 1.9E60, 6.4E-05

*5.0 5.SQDE+O2 270.0 1.5E*0' 4.5E-05 5.540E.ýZ 367.0 1.CE.0: 6.5E-05
6.0 4.920E+02 264.0 6.5E-01 4.3E-05 4.bTCE'02- 261l.3 6.IE-Oi 6.4E-05

*7.0 4.320'E+02 257.0 4.7E-01 4.iE-U5 4.260E+02 255.ý 3.FE-:31 7.3E-35
8.0 7!.7827*02 250.0 2.5E-C1 Sa3E-]- 3.720E*02 24'.0 2.1E-31 7dE-05
Q.0 3.20 0E.0? 244.0 i.'DE-01 3.;r-05 3.2d4tE#02 242.0 1.2E-31 8.ýE-05

*10.0 2.860E+02 237.0 5.07-02 3.3E-35 2.610E.02 235.0 6.4E-0? ý.3E-i55
*11.0 2.470E+02 230.0 1.7C-0? 4.17-05 2.430E#02 229.0 2.2E-82 1.IE-0'.
*12.0 2.1307E02 224.0 6.9E-C3 4.3E-35 2.09CE.02 222.Q. 6,OE-C3 1.27E-ýL

13.9 1.820E+02 217.0 1.iE-03 4.5E-35 1.7977.*02 216. ; 1.BE-03 t,3;E-04.
14.0 i.56fi7t+02 210.8 1,07-03 4.5E-05 1.530E.02 216.0 1.07-03 1.1E-04#
15.0 1.320E.02 204..0 7.6E-04 4.77-05 1.30D7.02 Z16.0 7.6E-04. 1.)E-04
16.0 1.110E+02 197.0 6.4E-04L 4.F7-05 1.1107.02 216.3 6.4E-34b 2.IE-04 !

1900 7.8907*01 193.0 5.IE-V4 3.07-05 8.120F.01 216.C 5.UE--0' 2oS7-04
19.0 6.6607*01 203.0 4.9E-04 1.4E-04 6.95(7.01 217.3 4.9E-04 3.2L-0
26.0 5.650F+01 207.0 4.57-04 1.9F-04 5.9507.01 218.0 4.5E-0.* N.4E-u4
21.U, 4.8007*01 211.0 5.17-04 2.4E-34 5.1007*01 219.3 5.1E-04 .3.iE-3'.
22.0 4.090F+01 215.0 S.1.E-04 2.97-04 4.37C7*0t 220.5 5.%E-04 3.iE-04
23.0 3.500F+01 217.0 5.4F-tcu 3.?7-06 3.76A7.01 Z22.0 5.4E-04' 3.iE-04.
24.0 3.100701~o 219.0 6.0E-04 3.t#E-04 7.220E+01 223.0 6.OE-J4 3.2E-04 .
25.8 2.5707*01 221.0 6.77-C6 3.4E-94 2.770E#01 224.3 t7?E-0,4 Z.27-04
30.0 1.2207.01 232.0 .3.6E-04 2.4E-04 1.32!F*u61 234.: 3.67-3'. 2.37-04
'15.8 6.OO0007.0 2143.0 1.17-04 9.2E-05 6.5207.00 245.3 19 1E-34 4.?E7-05
401.0 3.014E+00 254.0 4.37-05 4.17-05 3.330E+05 258.0 4.3E-J53 4.tE-05
45.0 1.590E+80 265.0 1.9E'05 1.3E-05 1.760E+00 270.0 1.9E-95 1.37-35
150.0 8.5407-01 270.0 6.7E-C6 4.3E-35 9.51C7-01 276.0 6.SE-36 4#3E-46
70.0 5.79(7F-02 213.0 t.'E-u' 8.bt-38 b.rlvE-UZ zle.!) 1.4e-37 Q.6E-0.
100.0 3.000E-04 210. 1.C7-09 4.37-11 3,0007-04 '10.0 LOE-d9 4.S7-lI

99999. 219.0 210.0*
V.0 1.0167.03 272.2 3.57E+0: 6.07-05 1.01,',E03 287.3 9.17*0', 413e-05
1.0 a8*97 37.0&2 Z61.7 2. 5 E+0;- 5.%E-35 6.9607.72 262.3 6. 9Ef0 J0 5. 47E- 05
2.0 7 ,8 97 C +0? 265.2 1.87.06 '.3.E-035 7.9297.02 276.3 4.27* &0 5.iE-05
3.0 6.938E*02 261.7 1.2E+01 4.7E-35 7.0007.32 271.0 297E*'J 5.87-05
k~.0 6.061E+02 255.7 6.67-01 4.9E-I5 6.1607*0 266.3 1.77*01 6.07-05
5.0 5.313E+02 ?49.7 3.6E-01 5.9E-3i 5.4177*02 26C.4 1.07*0.. 6.'*E-05
6.0 4.627f+02 243.7 2.17-Cl 6.67-05 4.7307*02 25N.3 5.47111l 71. IE- 05 e
7.0 4.016r*0? 237.7 8.57-02 7.7E-05 4.130E#02 246.0 2.9E-01 7.5E-Q, r
6.0 3.473E+02 231.7 3.57-02 9.07-05 3.592E+02 239.0 1.37-31 &*09E-05
9.0 2.992E+02 225.7 1.6E-P2 1.7'-94 3.1077*0? 23?.0 4.2E-3?- 1.17-0a4

10.6 2.568F*02 219.7 7.S7-03 1.5E-34 2.6777.02 225.0 1.5k-02 1.3E-04
11.6 2.1997.02 Z13.2 6.9F-03 2.17-01. 2.3007*02 225.0 9.4E-03 1.97-0'#
12-,0 1.0827.0? 219.7 6i.07-43 2.6E-04 1.977E+02 225A 6.07-83 2.17-04
13.0 1.6107*02 216.2 1.67-0' 3.07-34 1.700gC62 225.0 1.67-03 2#5f-04 c
14., 1-17187*0? 217.r 1.07-03 3.77-04 1.460E#02 225.3 1.07-33 2.87-0'.
15.0 1. 1,74E02 217.2 7,EE-'0' 3.4F-84 1.25sDE#? 225.0 7.6E-04 3.Z7-06 '
16.0 1.007E*0? 216.7 6.4'>-04 3.S7-04 1.0867.02 225.0 6,4E-84 3.4.7-04
$7.6 8.6107.01 216.? 5.67E-C4 3.;E-,0 9.?I0E*.t ?Z5.0 5.67-04 3,'I-34
18.4' 7.3507*01 215.7 5.;F-C6 ';.E-6is 7.9857,01 225.3 5.07-)'. 4.tE'ý34
19.3 6.7807*61 715.Z 4.97E-04 4.3E-04. 6.8667.31 Z225.0 4.9E-04. 4I.I-04
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Table A2. Listing of tiata for IO\T RAN 3 (Cont)

26.6 5.3706.61 215. 2 4.5SE-' 4.5-O 6.9,1E *O1 22g3.2 4.60 3.i04 Q

21.6 4.569F.01 215.2 S.16t-04 4*�4 507.4 2.2 51-0'. 30CJ~

22.0 3.9106.01 215.2 5.1Ef-C4 4.36-04 4.36L6.G1 225.6 5.E0. .2a r,

23.0 3.340E441 215.2 5.16E-6' 7.3E-04 3.757CE.01 225.6 5. 4E-0t -3.02-34 Hi
24.0 2.869E+91 215.2 S.FE-04 3.16-04 3.2276.01 226.2 6.06-04 Z.86-J4
25.6 2.430F6*0 1 215.2 6.7?E-0t. 3.1.6-04 2.TUCEtOI Z28.0 6.7?E-.J- Ž.6&-:4
30.0 1.1IOF+0I 21' .4 3.6E-04 I.6' 1.340640j1 235.3 3.6E-34 1.%.E-34.
35.0 5.180E+00 227.6 1.16-04 9.76-05 6.6106+02' 247.,; 1.XE-2. 9.2E-05 r'
60.0 2.530E+00 243.2 4.36F.CC 4.16-05 3.40C6400 262.) 4..3F-05 di~j. I-
0'65.11 .2960 F+0 258.5 1 .9E-OC 1.3E-05 1.OiCE*0C 271A.a 1. 9E-05 1. 3E-05
150.0 6.620(-O1 265.7 6.3F-06 493E-06 9.870E-31 277.1 6.3E-06 4.3;:-j6

&90 .6706:02 230.7 1.-46:07 .5E-08 7.07UIE:02 ?16. ý 1.4E-37 5E-a0.

6.0 1.013E+03 257.1 1.26*0'] 4.16-35 1.013f+03 285.1 S.96433 15..---o5
108.8786,ý0? 259.1 1.26.0: 4.tE-55 6.986E*02 28t.6 4.2E#3) 5.4E-35
.07.7756.0? 255.9 9.-I-E-Cl 4.16L-05 7 .951LE*+C2 275.1 2.Q9E*0 5.4E-05 Q

3.0 6.798640? 252.7 6.06-01 16.3F-15 7.0126402 26a.7 1.82.00 S. 'OE-05
6.0 5.532E+02 V-~7.7 4.16-01 4.iE-05 6.166E6,02 262.2 1.12+00 4.36:-05

505.1586+02 240.9 2.~-1 47-55.405(E-0? 755.7 6.4(-,,i .- 5
6.0 4.467(402 23%.1 '1.ME-02 4.12-35 4.721E416? 24,.2 3.86F-2,1 4.3 E-3 5
7.0 3.8536.0? 227.3 5.##F-02 7.1E605 4 .l1Iift0 ? 24,2.7 Z.15-31 4*)E-35
6.0 3.3086+02 220.6 1.16-02 9.36-05 3.565rt+0' ?36:2 IC60 SZ'O

fU2&t+?2.2 8.16(03 i.560'. 3.0306'0(2 229l. 7 4. 6E-02 7. 1E-0h S
16.3 2. 41OIE402 211.2 5.5-0S-3 2.4E-04 7.650F+01 223.2 1.66-3? 9.O0E-Y
11.6 2-t!676+02 217.2 3. 4E-03 3.2E-01# 2.27CE+02 2!16.8a 6.22E-J 1.56-34 r
12.0 14666E*02 217.2 Z. 6E-0O1 4.3E-04 I1.940E +02 216.6 3. ?E-J 3 1.12-34 >
13.0 1.510FO62 217.2 1.60 .20.166.?266 1.86I- 33 .63

14.0 1.2916452 217.2 1E-3 4.3E-0]' 1.417E.0? 216.6 8.46-0% 1.2-'
ISA0 1.1036+62 217.2 7.6f-04 5.;E-04. 1.2116.02 216.6 7. 26-1'. 2.16-04
16.0 94 0316401 216.6 6.'.E-C4 6.22-0'. 1.03156.02 216.6r 6.16-04 2.146E-j4
17.0 6.6586401 216.0 5.60. 6.22-048.560216 52-4 2.-4

186 .62*0 25. .0-0. 6,2E-Ik 7.565E*01 Z16.6 'd.4(-C.. 3.?6-24
19).6 1.7 o 216. 4.QE-04 6.36-04 6.467Et01 216E. 6 4.4E-34 3.5E-0'u~
20.0 5.014E+01 214.1 4.5E-O'. 5.5E>-O. S52%.EC1 216.6 4.,4E-34 3.32-0' 0

21.0 4. 277E.Vr1 ?13.6 5. 16-C4 5.16-04 to.?29E.#O0 217.6 4.66 -04 3.3 E-0 4
22.60 3- 6476+1l1 213.6 5.1IE-04 LI.FE-34- 4.047E+01 218.6 S. 26-3'. 3.13E-2 dt
-23t.5 3.1 t!r96F+"' * 4. 1 4lE-U 4.5E-J4 3.%ý)t+ C 1 219.6 S.1F7Ž34 3.IE.-L.

24.0 2.64#9E+01 211.6i 6.0E-04 11.5E-06 2.972!.Oo 226.b 6.16-04 !.66E-0'.
25.0 2.256E#01 211.2 6.?E-0'. 3.26-Oh 2.5496.01 221.6i 6-6E-04 3.4!:-04.
30.0 1.0206+01 216.0 3.66-0'- 1.5E-04 1.197E+01 226.5 3.&E-04. 2.36-04
35.0 4.7616+00 M2.? 1.1E-04 9.2E-35 5.746640+G 236.5 1.C0- .1E-u'
40.6 2. 24.16+00- ?3'k.7 4. 3E-JS 4.12-05 2.671E+03 253,4 6. 7E-35 4.36-E
45.0 1. 113fr+00 2%1.0 1 .96-0' 1.3E-05 I1.491E*400 264.? 3. 2E-05 1.-5
50.0 5.7196-01 25t.3 6.36-06 4.3E-06 7.97br-91 270.6 1-2E-05 4.0!-06C
703 .! .0166-0 2 245.7 1.4c-07 8.6 -3 8 5.520E6-0? 219.7 1. 5E-0 7 8.56-05

100.0 3.300F-'64 210.0 1.(09 4.3E11 3.00SF-C'. 21C..) 1.0E-flq 4.3E-11
9959.. 210.0 2110.*

.20 .?8600 O0'i53O .25 .20000 .05660 .31 .262C0 C02Q06 .34 .245C 0 .01450*
.49 .16500 .0105f) .51 .17600 .01000 ,63 .14600 .09-114 .69 .134L3 C90914*
.66 .10800 .01020 1.06 .08910 .01280 1.54 .05790 .00924 2.00 C03513 .00346* ;r

2-50 .02660 -0136,9 2470 .02670 .009881 3.00 .0221-0 .005.87 3.'0 .C2iS0 .0az3z* r-
3.39 .62390 .06222 3.50 C?210p .00131 F,3.75 "1953 .C30 1A'S 4.00 .0182a -00154* J'
4.50 .61670 .00241 5.50 .drIOb-O .095 6.00 .0190 .00361 6.530 .01210 .00423*
7-?8 .01330 .00629 7.90 .600'`4 .00504 .2?C .a05Om9 .0070 8CZ .50 .015310 011 E2*H

6.71 .0219C .01180 9.00 .02PO .01310 9.20 .023i0 .C14U3 9.50 .01050 .0 3Q37*
io-0eo .01570 .00695 11.51 .01350 .00549 11.00 .012z0 .0g439 13.00 .00938 Z lab38*

14.0 08"7 .0064.' 15.00 .01010 .06691 17.20 .01100 .00607 13.5' r01323 oa005eG>-
29.60 .51616 .0056F 25.60 .00878 .00565 Z1.90 .00801 .30562 J0.0&. .00626 QuJ5&1* >

0.9192.6661.77 0I996-2.9362-1.34980 C9-160-igZ0.994-1 .4815.0.)56b
6.f2-.379-.1390.990-1.2037-I.7256 Q.960-0.78?S-4.'.315 0.970-3.S2Zj-0 2b66
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"Table A2. Listing of Data for LOWTRAN 3 (Cont)

O.9600-O.3e-.117* 8.950-0.1936-0. 0.94a0-0.0655 C.0969 0,930 0.041 3.1761
0.920 1.1553 0.2304 0.910 C.2430 C03310 5.906 0.33Z4 0.3022 0.SO, Z.4342 0.462Z4
V.6G0 6.6128 0.SS63 0.841 0.7?43 0.6435 3.620 0.8261 C.FZ71 0.0t0 J.flil U.7b+ft
6.786 1.668 6.85?' 0.760 l.07•' 1C.9191 e.m' 1.1461 0.9?3± 0.,?6 1.212Z 1.0253
6.706 1.2672 1.671; 0.650 1.3254 1.11T3 0.663 1,389? 1.t61' 0.640 1.440) 1.2095 Z
6.626 1.4195 1.24S0 0.600 1.5141 1.2900 C.580 1.5966 1.3263 0.oSE 1.6435 1.3617
.$5.6 1.6857 1.3979 0.520 1.7340 1.4393 0.501 1.?752 1.%698 0.80* 1.0261 1.4963 1

8.A6i 1.0692 1.5311 0,4.0 1,91q1 1.5682 6.420 1.9636 1.6621 0..606 ?.0066 1.6335
0.150 2.39607 1.6721 0.360 2.1038 1,7376 0.340 2.1#461 1.746? 0.320 2.t675 1 .792'
0.300 2.23014 1.6325 0.281 2.2781 1.6165 0,269 2.3263 1.9395 0.2406 2.3717 Z.30G0
0.220 2.4183 Z.0'7O 0.280 2.4648 2.1206 0.165 2.5151 Z.1903 9160 2.5740 2.255Z
6.1M6 2.6204 2.3365 0.120 Z.69:z 2.4313 0.110 2.7•59 2.51o5 0.600 2.8261 2.6*35

0.260 2.9031 Z.78S3 0.61. 3.0000 2.9777 0.031 3.06(T 3.107Z 0.020 3.1461 3.2?I53 cA

0.015 3.25t1 3.3617 0.010 3.2718 3.4771 5.466 3.3054 3.5563 0.606 3.3(440 3.6Z33
3.004 3.3979 3.7076 0.002 3.%916b 3.0325 0.*V$L 3.56082 3.9345
3.93 3.T2 3.54 3.42 3.37 3.37 3.36 3.33 3.o!5 3.13 3.02 2.96 2.97 3.06 3.36 3s0
'1? ?.068 3.03 3.10 3.01 3.13 3.0? 3.05 3.111 2.9!, 2.83 2.71 2.62 Z.58 2.i7 425
7.62 2.67 2.72 2.71 2.60 2.46 ?..35 2.26 ?2. V? 2.23 2.19 2.17 2.17 2.20 Z.Z6 500
2.34t 2.42 Z.39 2.20 2.01 1.92 1.63 1.?8 1.79 1.81 1.6'. 1.63 1.80 1.71 2.51 575
1.39 1.31 1.25 1.16 1.19 1.18 1#21 1,33 1.1.7 1.53 1.54 1.36 1.12 0.869 (U. 650
60.49 0.60 0.71 0.?q 0.99 6.66 n.73 0.53 0.43 0.51 0.52 0.6? 0.73 0.60 0.G3 T75
S6.860.630.1? 6.32-I.0I-V.21-.29-6.21-3.01 0.06 0.16 0.09-0.03-0.21-0.5? o00

----.---- 0.30 .4- - • 77-0.63-U.S~~-0 .5o-0.b*-0. 3q-s.•38 -0.•3P-I .tO-v.501-6-0.6Z-Oi-16.5e-+ .1.C-0.32e0.21e0•.09++.t8 950•

-I.1s-10.xq-0.26-0.33-C.35S-0.26-C.22-6.z6-- .05-0.i1-0.t3-0.27-0.27-0.ie-0.66 1025

6.11 0.23 0.46 6.11V 0.11-0.30-C.09 0.0Z 0.06 8,12 0.22 0.26 0.39 0.54 0.Se 1160
0.75 0.'9 0.79 0.71 3.69 0.76 f.68 1.01 1.16 1.10 1.14 1.05 1*.02 1.11 1.-3 1175
1.4t 1 .7c 1.83 1.99 1.05 2.03 2.00 1.13b 1.90 1.86 1.91 Z.06 Z.21. Z.41 2.ý3 1250
2.68 2.6? 2.73 2.79 2.81 2.91 2.93 3.02 3.16 3.23 !.3P 3.34 3.43 3.57 3.i9 1325
3.59 3.58 3.57 3.61 3.71 3.71 3.69 3.64 3.b0 3.56 3..0 3.95 4.05 4.05 .)3? 1460
3.99 3.96 6.61 4.13 4.o2 4.35 4.,419 4.50 4o,62 4.63 4.61 4.57 4.56 4..S6 .3 i 1475
4.49 4.416 at.40 4.28 4.14 3.92 3.63 3,35 3.16 3.10 3.21 3.17 3.66 3.St 3.,# 1 550
406900 4.04 4.15 4.23 4.31 4*.35 4.31 4. 23 4.20 4.24 k.:28 41.35 4%A 4ý1. 42 Io.41. 1625
4.46 4,40 4,30 4.2? 4.13 4.17 4.12 4.19 4.2 4.23 h.16 4.04 3.99 3.94 3.33 1760
3.q1 3.16 3.63 3.S0 3,78 3.70 3.54 3.40 3.30 3.31 3.42 3.5? 3.52 3.41 3.41 177T
3.Z1 3.1' 3.10 3.68 3.11 Z.98 2.86 2.78 2.74 2.76 2.7Z 2.76 2.,6 2.65 2.6b 1,50
2.75 2.64 260 2.61 2.64 2.56 2.49) 2.37 2.25 2.14 2.03 2.11 2.20 2.3t 2.28 1925
2.15 2.06 1.98 2.03 Z.0S 1.96 1.64 .72 1.64 1.59 I.Sr I.Sr i.60 1.63 i..ii 2080
1.36 1.07 0.9. 0.67 0.92 1.04 1.01 6.92 3.64 0.92 0.9? 1.01 1.06 1.10 1.36 ZO75
1.01 0.91 0.7T 0.55 0.47 0.41 C.39 0.36.0.34 0.33 C.36 0.A3 0.48 0.45 0.38 2150 0

0.?7 0.21 0.2Z 3.29 0.37 0.33 0.37 0.29 0.19 0.13 0.11 2.23-0.35-0.12-0.24 222S
-V.[+31-53q-0.43-05 0.59-0.68-.73-0.0-09-i0- .1-1.2``2-1.27-.2-1.21*3 2300

-1.32-1.43-1.S1-1.63-1.71.-182-t.98-2.0-2 .2i-.21 -2.Z4-2.a?-2. 36-2.51-!.5 2375
-2.76•o2.63-2.57-Z.5E.-2.59-2.67-2. 6q-2.67?-?.•6I-2.6`2-2 .52-2.4.2-2.29~-2 * 1-2.30 21.50
-1.S7-1.71-1.51-1.31-1.27-1 .12-1.•01-3.39-0. 75-0.68-U.57-6.1.7-I. 42-1.•32-0.7 32:S5

-0.26-S.19-0.13-0.11-2.C1 0.05 C.08 0.17 3.2S 0.31 0.41 0.43 0. 4 0.63 0.36 ?600
0.NS 6.31 0.25 0.25 0.2Z 0.21 0.33 0.1.9 0.t 0.76 C.71 6.S1 0.36 1.13 6.10 2475
3.17 6.4 0.31 6.38 0.45 0.51 2.56 0.60 3.63 0.62 0.63 0.6,. 0.66 0.69 0.76 2750
0.75 0.,74 0.u1 6.62 J1.53 1.416 0.39 0.36 0.37 0.360 0.2 0.4o7 4*53 0.56 .$9 2625
.*? 8.62 0.64 0.65 0.76 0.99 1.11 1.13 1.16 0.9? e.98 1.17 1.36 1.5Z 1.9T 2960*

1.76 1.8%6 1.9? 1.90 lo? 1.91 2.02 2.11 2.10 2.18 2.22 Z.Z5 2,03 Z.01 1.77 r9•s*
1.93 2.19 ?.28 Z.14 2.15 2.22 2.01 2.14 2.26 ?.36 2.51 2.66 2.73 2.68 Z.59 30500S
2.64 2.2? 1.95 1.61 1.11 C.MS 0.63 6.89 1.26 1.62 1.62 1,99 2.01 2.14 2.16 3175*
2.21 2.30 2.33 2.42 2.50 2.S1 2.49 2.46 7.42 2.3" 7.37? Z.33 2.31 Z.143 2.56 3210*
2.6i 2.13 F.60 2.50 2.38 2.411 2.34 2.31 t.32 2.1#1 2.7? 2.32 Z.22Z 2 .09 2.66 3Z7*S
2.17 2..t 2.77 2.64 2.49 2.?9 2.23 2.142 ?.61 2.586 49 2.40 Z.39 Z.S1 2.14 3350*
2.68 2.68 2.7d 2.8? 2.83 2.62 2.61 2.34 2.66 2.91 ?.96 3.03 3.08 3.2t 3.30 3425*
3.40 3.52 3.49 3.46 3.51 3.54 3.56 3.55 3.57 3.61 3.71 3.30 3,9'.t 3.99 4.16 $5900
4.92 4.06 %.12 1,.46 4.33 16.412 6.3 4.42 4.53 4. 64 %.55 4..0 '. Z6 4.32 4.33 3S57*
4.37 4.2. 4r#. 13 4.1414-? 4.26 .5 4.32 4.3S 4.31 4.2? 4.25 4.27 4.31 it.3b 4.41 3650*
4.52 k.59 4.71 4.79 4.01 4.73 ;v4. 4.42 4..2I 4.8* 6.00 3.66 3.01 3 .9Z 3.66 3 2S*
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Table A2, LIAsting of Data for LO)%IRAN 3 (Cont)

.1? 46.18 .31 4.37 is. 4 SO.5 4.53 4.58 16.59 0#. 61 -e.61 4.59 4.53 4.4.9 AP.b4 3603
4.4$ 6.40 4.34 0.70 4.26 .09q !.98 3.87 3.78 3.77 3.79 3.75 3.7Z 3.62 3.56 3675

3.51 3.4* 3.3? 3.16 3.0? Z.96 Z.57 2.30 2.68 Z.55 ?.53 Z.51 Z.59 2.57 2.50 3950
C.42 2.3? Z.2 27.1? 2.01 1.92 1.79 1.63 1.66 1.69 1.?8 2.04 Z. 01 1.81 1.?O 4LZ5
1.63 1.61 1.66 1.4; 1.14 1.35 1.64 1.69 1.hI 1.59 1.45 1.21 1.19 1.08 1.02 4100
1.04 1.10 1.16 1.25 1.23 1.7? 1,06 1.06 1.66 V.*9 Z.93 0.73 3.56 3.S4 ý.7? 4675
6.81 6.74 0.71 6.s7 6.49 0.43 v-. t 0 .12 5.16 8.20 a.1 0.-.c 0.31 o.!7-0.13 4250
0 6. 21.-0. 1- . 36-8-3 -0. 33-3.39- '6 S-C. S 0- 0.56-5.62-0 .66- L. ?7-ý. 64-0.91-1.0a 4325S"1.11-1.19"-o,78-1.31-1.39-1I.43"1.48"1.52-1.57-1.60"1 .61-1.60-1.58-1.51-1l.47 u'.60

* -0.46-6.%0-D.39-"0.37-S.35-0 .48-0.?5S-1. 13-1. 5a-1.BD0-1.46-1.572-1.35-1.19-1.22 4625
-0.668-U.66-6.&5-6 .3-6.6?-I .6t-C. 73-D.79-b.618-0.8s-c .7C -6.53-0.43-Q. 39--. .51 4700

* -a.61-5.74-0.Yq-5.76-6.069-a.6.-g.59-0o57-0.48-g.4O-g..?-g.39-3.38-0.33-.J.9 4775
-8.f6-.2Oo1-.72-C.26-.3)'-0.50-t.60-.0.60.51-A.46-.C .4-0.43-.45•0.35o..4 485C
-0.14-6.06-0.06 o.oo 0o0-1 0.32 0.43 5.42 0.32 0.23 (.22 0.21 004.5 0.55 0.32 4125

6l.65 2.t- 6.75 1.85 1.83 6.615 Xoe?1 0.90 0.93 1.00 1.0'. 1.15 1.27 1.3? 1.31 5000
1.32 1.3 1k1 1.4818 1.67 2.01 1.92 1.86 1..9 1.92 1.96 2.03 7. 39 2.31 2.48 5675
20717.76 7 ".?6 2.76I 7.70 2.7? 3.06 2.94 3.05 2.94 3.23 3.7J 3.19 3.37 3.11 515C

* 3.41 3.31 3.36 3.46 3.36 3.39 3.50 3.41 3.72 3.19 7.981 2.78 2.981 3.07 2.52 5225J

3.16 3•.3• 3..l ..• 3.33 3.iS, 3.ss 3.4 3• .43_ 3.5? 3•..11 3.40 3.56 3.61 3.49 5375

* 3.46• I0A 3.fl 3.18 3.30 30O6 2.99 3.7Z1 3.11 3.1'. 5.01{ 2.7?• 2.61 2•.95 2.9g $545

2473 2.T! 2.47 2.51 2.66 2.47 2.37 2.7' 1.91 1.6?7 1.51 1.75 1.53 1.%1 1.52 5525
1.59 1.56 1.4.7 1.3? 1.22 1.12 1.08 1.82 5."' 0.92 0.40: 6.8? 0.8% 0.8? 043• ShtoD
6.76 6.7'6 *.YF; 6.7• 6.71 0.71 0.70} 5.69 0.67 0.61 ".59 0.52 0.4.8 0.4± 0.39 567

6.36 0.33 6.32 S.3• 6.30 6.30 0.79 0.761 1.2? 0.26 0.25 6.73 6.22 0.21 0.20 5750i

6.18 6i141 6.13 6.66 6.61-0.63-2.07-0.11"O.16-0.21-D.2e4-o.79-I.32-3.36-0.h1 05825

-1. 30-1. $3-1. 36-1.31-1.43-1 .46-1.50-1. 52-1.•57-1.61-1.66-1.73•-1.72-1. 76-1.8 5975V•--
-i.69-1092--2.SI-2oe5-2.16-2Z.-2-. 31-2.40-?.48-2.54-2.61-2.71-?.83-7.95-3.t0 6050 •

-5.60-56000-5.6.5.2-.-5.I6-5.00-5. 00-50O-. 0U-5.OO-5.C- .00-5.05-5.060-5. 00-5.0 6125 0

-5.0t-5.c0-5.08-5.60P-5.U0-5.6I0-5.0v-5. 0D-5 .0n-5. 08-S.00-5.03-5.060-5. 0U-5.0C 6 275 i

-5.0I-5.6§-5000-5,05-5.00-5.S0-5.00o-5.0o0-5.00-5.00-.g0•-5,o•-5, on-5.0o-5.2]j 63 3
-5.o6-5.0s-5.66-5.60-5.0flS.d6-5A0•-' f.C~•.-. .'•.0- 0••0-5.01-5.10 -5.00. 6.25

.36--

-0.63-0.48-0.36-0.2a-0.16-0.6b 0.06 0.2Z 0.32 0.23 ;.5t 0.2,1 0.1#5 O.91 1.3'. 6575

01.9 1 1.0F 6.95 1.0. 1.19 1.87 1C30 1.29 1.38 1.19 1.33 1.2Z 1.43 1.72 6653
1.32. 1.41 1.53 1.86 1.967 1o a.0 .9? 2.0 1 1.94 1.9 1.639 2.03 2.21 2.47 6Z6 5 j
2.36 7.16 2.06 2.62 ? .0?F 2.13 1.90 1.71 2.C1 1.56 19 5 1.51 1,30 1.63 .33.1 S603
1.67 1.78 2.22 2.39 2.36 2.30 3.93 23.9 2.?.9 3.52 2.57 2. 14 Z. 2.4o02 .1. 6SS5

2.45 2.51I 2.23 2.44i 2.35 2.61 2.77 2.52 2.63 2.56 2.51 2.73) 2.62 2.6? 2.5.. 6950
2.7'4 2.79 2.74 2.73 2.881 7.61 2..77 2. 6 2.B4 2.02 2.38 2.et 2.86 3.0? 3.56 7025
3.96 3.03 3.16 3.29 3.03 3.11 3.15 3..8 3.31 3.22 3.30 3.06 34 .4 3.3? 7102
3.32 3.06 3.09 ..- P t 3.09 3. 3.35 3.07 3.tl 3.1 3.'1 3.6 7 .3.53 3.79 3.7. 3.49 7175
3.39 3.11 3.1 1 S. 14 3.10 3.61 3.18 3.S9 3.'. Z 31 3.11 3.39 3.3 3.521 3.5S 7250

3.42 3.56 3.67 3.59 3.63 3.66 3.46 3.39 3.29 1.31 3.41 3.23 3.37 3.17 2.31 7325
2.91 2.75 726.7 27.1 2.62 .58 ? .32 2. 2.6 1.91 1.66 1.6 1.64 1.53 1 .56 7403?52

1.511 1.57 1.46 1.47 1.47 1.40 ,1.1 1.43 1s56 1.52> 1,51 1.52 1.39 1.39 1.33 7475S1.69 1.16 1.21 1.20 1.2? 1.70 1.18 1.20 1.19 1.1? 1.10 1.10 1.09 1.18 1.11 7553

1.04 0.98 0.95 6.65 0.93 6.90 0.90 0.86 2.71 0.79 0.70 0.71 00.67 0.62 0.53 7675
0.31 0.31 O.26 4.S1-0.0-0-..-00.29-C. 35-1.42-70.6-0.253-O.r-s.23-0.Q3-.? 772 0 0

-1.1-so1.4-1.64-1 4 1.06-1.6'.-1 74•-1.64-t.94-d.0'-2.14-2.74-7.34-2.442.5'. 7775

-5.s-.06-5.0n-5.600-5.00-.O- 5.sC-5.00-5.00-s. 0I-5.00-5.0c-5. 0..-5.uo0-S.02•-5.0D 7925
-5.1u6-5.00-5.60-5o60-5J.60-5.00-5. 00-%.00-5.00-5.0V-5.00-5.00-5.g60-5.63•-5.o0 jogs
-5,g1-5.06-5,.00-5.05-5,61-5.uo-s. 00-5. 00-5 .C00-5.0o-5.o0-s.0)--5. 0G-5. O00-5.13 6.75

-5.60-5.661-5.60-5.00-,.00-5.00-5. 00-S.00-5.0-.00-5I0-500-5.0J-5.08-5.03-5.3 610 |S
-5.60-5.00-5S10-5.S0-5.00-5.I0-%. 06-5,.06 -5.0g-5.00-5 .60-5.I0-5.01-5.8 0- 5.6 6l li5
-4. 15-4.U06-3.97-3.689o!. TQ-3.70+-3.6i•-3.52•-3.43-3.34-•3.25-3.16-J. 07-2. 98-1.69 6JU "+--
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Table A2. Listing of Date for W.WTRAN 3 (Cont)

-?.BI-2.?1-2.6-2.51-t.'.4.-.35-?. 26-2..Og-x.qz-1.62-1. ?3-l.M-I.5 8375
-1.*S--1.37-1.?SO-l.19-1.10-1.01-6.92-0.83-0 .7i.-0.65-0. 56-6.47-Z. 3-0-. 29-0.10 6456

-$.14-I.1•-*.12 0.63 6.16 1.17 0ss? 0.6$ 0.35 1.#&1 0.0. 0.42 0.40 J.41 J.46 8525
gatg 1.55 6.71 134 3.9A3 1.61 1.06 1.87 1.0? 1.61 1.1z 1.23 1.24 1.26 1.34 1600
1.43 1.5? 1.56 1.51 1.46 1.51 1.61 1.50 1.73 1.6? 1.32 1.•34 1.89 1.81 1.45 0675
1.36 1.O6 1.43 1.50 1.49 1.55 1.4.6 1.3? 1.39 1.-3 1.62 Z.23 Z.61 Z.51 Z*ZJ 67S5
1.66 1.01 1.19 1.3! 1.52 1.73 1.91 2.01 1.92 1.91 1.1Z 2.13 2.11 2.18 1.)9 6525
2.11 2r2S 2.21 2.13 Z.06 1.91 1.9z 1.97 1.68 1.91 t.11 1.92 1.93 1. 74 1.51 690V
1.56 1.7? 1.6 1.18 1.11 0.919 306 6.71 6.66 6.441 0.31 6.14 .0O3-X.17-0.21 605

-6.¶-6.4.9g-6.64.-6.79-61.g-1.11-1.24S-1.h1-±.57-:.73-1.91-2.09-Z.27I-2.'.5-2.S3I 9450

-2.61-2.,,-'.18-3 •3. -3.iO6-3.7-3. 34-4. 13-4.31-4.49-4 .66-4.. 8-4. 24-5. 14-5. 26 9175
-5.d6-5.g6-5.16-5.06-5.60-5.ag-5. oc-5.60-+.61-4,.z6-3•.69,3.57-3.3z-3, 11-2.11 9875

-2.67-1.t6-1o?7-z.76-1.63-1 .60-1. 59-1. 43-1. 21-1.15-1 .39-1. 1-1. a29-1.19-J. 9610 325
-6.3-O.67-6.91-6.15-6.?1-6.62-C. S9-0.5o-9.63-C.58-Z .39-8.22-. 14i-•. 6-t.) 114 log
-m•1i-s+sa-uzo-o.ie-aaz6.16 0.32 0.4? 0.37 0.23 0.12 6.15 O.26 W••03 C.5911P75
6.56 0.S3 0.4.4 6.39 1.35 0.35 ?.23 6.26 0.*19 0.08 0.10 .19 0D.7 .34q -J3xZsJ
8.32 1.37 0.58 0.64 8.6? 0.96 1.00 1.12 1.13 1.08 1.00 1.1b 1.16 1.30 1.O110325
1. 16 1.3 1,3? 1. 1.1661Z ..5 1.5 1.63 1. 36 1.36 1.19 1. 1.!1.5 11 1.6 2 1.61 i.?3104•0
1." 1.0 1.3 1.14.6 1.19 1.21.72q 1.5q 1.76 1.62 1.8Z .62Z x.69 ±.3fl0625
1.11 itS 1.71 1.7? 1.70 :40t 1.67 1.62 1.66 1.70 1.67 1.56 1.41 .4? 1,36i5SS)
10?G 1*20 1*13 1 .1It 1.19 1.ig 1.50} 1.7'2 1.96 I.;'1 1.112 1.88 '..82 L.09+ 1. ý 10 bnJ

2.66 2.14 2.64 2.6? 2.l9 1.96 1.96 1.83 1.81 1.72 1.69 1.59 1.50 1.36 1.?01.17LJ
0.96 6.3 64.34 0.29 6.16 6.05 0.02 0.13 D.O.C .61-0O.-0.18-OZJ-0.11-O.u5i0775

-0.13-6.l-6-.21-I.SI-1.0 0.1 0.3 1& !.11 0.a3 0.42 :.4b 0.36 0.26 0.4.2 C,.310650
6.4.1 6.33 6.32 0.41 0.59 0.46 0.11 0.16 0.06 0.20 :.2t 0.34. .,36 0.C? 0.3510125 IA

8.39 64.8.388.3? 6.30 0.18-0..1-0.Z..-0.41-0.52-t.4I-0.5-0.61-0.45-C..31100
-8.03 0.21 6.36 0.331 6.67 6.4.4 C.4.0 0.S1 2.59 0.53 2.69 0.5? 0.46 0.52 *.6Z11Z5 A

8S.9 6.55 0.56 0.32 0.26 I.1I-0.DS-610-I.1E-0.4.3-D.61-0.SG-1.09-1.16-1.3111150
-1.b§-1.4.9-1.70-1.91-C.01-1..97-1. 97-1.97-1.97-2.f5-2.20-2.C 1-1.99-2*.C-2.04112 5

-•31-•-` lh-z+-1 U7-2 -14-2. 1-2. 25-?. 16-.36-? #44°2*4j Z& b-Z•1. Ult3C

-2.460-Z.36-2.646-Z. 43-?.%9-2.68-2.89-3.26-3 .51-3.74.-3 .97-4.2C -4..4.3-4..66-40.39113?5 3
-5.61-5.1-SO-5.40-t0-5.03-5.0C-5.0.05.00-5.000-5.00-5.0O-5.00-5.6o-5.00-5.001 ,450
-5.06-5.6l-569-5.1-.00-5 .60-5. 00-5. 00-5.fa-5.g0-5.0f -S.cJ-.0eI-S 00- . C,1-±52---. ...... -- •v .cv Oc+-5. 90•-So0 G-.0•.••C-S. CZ -S. 00-5 . 03-5. 0011bdO "0

-5.10-5.6P-5.06-5.10-5, oO-5 3 9 0-.I. 0-5.6g-5.00-5. 00-5 .c-5. 0-5.0-5.0.-5. c01175
-3. 7-S.56-3.41-3.21-3.06-Z .90-2. 74.-2. 60 -Z .146-2.32-2 .17-2.a 0 3-1. 0-1 .9-1 FA"-11 ?SG
-1.63-1,S•'-1.f1-1:Jl-i .•9-z .•46-1 .4 6-1. 149-1 . As4-1.25-1 920-1. 08-6. 96-1. 06-a. 9111 625
-8.31-1611-06m3-6.6 -0.92-00. M-6.42-0 54-0 .36• 1.-60 .48-0 . 34-0. 02-O. 173-. 1111970

-U.11-1.06S-6.65-1.0%-t6,1I-1.S4-C.f06-0.2Z1-0.38-0.6z-.4E.+-0.31-0. .t-V.580-.57?1t250

-8.54-0.24 1.11 6.51 6.01 1.9P 0.62 6.?6-6.31-0.67-8.80-U.8-O.56-0.39-0.1012125
8.69 0.06 6.06 6.16 6.21 0.13 0.32 0.35 6.51 L.60 0.51 6.51 0.40 8.4.0 .431ZZO
6.4? 0.33 0.43 0.34 6.22 *.13-0.I1-I.31-O.31-O.41-2.41-0.29-I.53-'..9-C.541227S

-06-'11 -#.1-!- 1-1- 1,1-1.Z9-1 .465-1 . 49-1,k?-1 .&?-1 .51 -1 .66-t .60-1.64-1 -83-1 . 5X1E 350

-1.4-1 .40-o . ?18-i . 36-1 .31 -13. 0-1. 361. 26-1 * 39-1. 33-1 1 35-1. 37-1.39-1.4.1124Z5
441-1..•1.46-1.56-1-1.%6-1 41-t1 %2-1.46-1.%1-1.31-1 15-1.13-1. 26-1.41-1.6611?t 9

-2.IS-2.66-Z2?-52-Z.35 l. 98-1. 92-1. 6$-1.5L -1.69-170-1,70 •1. 66-14. -1.i-3 aSS
-1o56-L.4.2-1, ?-1. 3-1.?-1-.448-1. 56-1. 464-1.5 1.tB-1 .45-1.5-I. 51-±.69-1.r'112650
- 1.6--2.s11- .94-2.?1-2.G4-2 .- z 9-Z. 6Y4.-J.09-3.4.4-3. 9-4. I,-4. 49-ga. B-S-. 912725
-2.4.6-,2.2-I. 99-.61?++.t142.31-?. 15-2.61-1 .99-2.14-?,41-2.12-0-1.91.9'.-1.7913600

-:.?1-1.?6-171-.o66-1..?-1 .52-1. 1. Z19-1. U-0.91-2 .90-1.C 1-0. 0. 90-0.-0 . 34P$
-6.96-1.191.10-06. 7-g.69-u.68-0.7-. 9-5-0.ss-0.61-;.(1-J.akj-g.51-C. 9?-&.g 1 550
-9.51-0.41-6.29I-S29-6.61-6.fl-o.lg-I.ad 3. 0.19-0.11 1.20 0.20 O.0Z .2013625
-6.91 6.1. 0.2$ 6.11 6. -6.37-6.16 0.01 1.16 6.26 2. 6.09 1.09 0.09 6.I?13T0O
64Z 6.11 6.11 1.71 6.64 0.21 C.21 6.37 1.26 ..O? -.l9-0.19-0.19-J.69-U.?413775

-I.SS-1.61t.'6-U.58-S.19 6.19 .:.43 0.?1 3.25 O.Z '.29 1.52 0.54 3.51 .6013050
6.06 6..90.8t 6.4.66.' 6 --Z.S6-6.Z3-1.s1-1.17-2.5i-1,2?-1.5Z. 152-12.9?1i4D5

-2.0&-?.1l'.1.t-1.%6-2.66-2.S000.Oe-2.2•3.. 31-z.31-2.53-2.31-2.31I-?. 3:-?. 214.011

-1.69-1.$l1)-.16-1.?1-1.34-1.3*-1.b4.-a..61-1z.'-1.4s-1,Ib5-1.4.5-I.4.9-a.65-1.s $%15O+



T e A2. Listing of Data for LtfllTHAN 3 I('trt

-1 .23-1• 14-1 o 0- | -2 34-1. 36-1,.23-1 ! .3-1. 3 7-1 . 30-1.4 1-1, .21%-1. 2 7-1. V-•1.. 32-1. 32142.2 5

-1.SO-l..9-27.16-2.32-2.63-3.91-k.?V-A..#'.9-h.78-5. -..77-5 .0-5. 0-5.07-5.9?±4'Sc

I.49 O.76 1.66 1.Z3 1.5b 1.76 :.91 2.00 ?.23 2.3h ?.51 Z.72 2.90 -1.12 3.3T 575
3.56 3.6q 3.79 3.66 3.86 3.66 3.7.3 3.56 3.36 3.17 2.86 2.71 2.52 2.11 .LXr 5s2 .
2.01 1.63 1.?7 1.63 1.47 1.21 ?.¾9 C.53 2.?3-C.1T-2.53-o.7..-l5M..1.-..6 725

.6S.V-;.I .0-5.6-S.0O-2. 66-2.-19-1.1.-.50-1.32-1.21-1.13 ci
-1.O9-1.11-1.1O-1.0i'i.Oi-1.01-1.11-h.33-1 .66-2. 13-?.51-Z.63-2.71-2. 39-2.)29 933

-z.11-2.7'.-3.Uq-3.5C-3.03-2.50-?.23-1.69-z.1oS.Z-±.28I.3-1.11~-. 16-1.2!.1.23) lu0

-1.21-1.I7-1.¶2-1.15-1.19-1.20-i.17-i.02-0.69-C.$8o.4.b2-C.24-G.121 0.18 0.,.0 1175

6.5? $.77 0.96 1.07 1.13 1.11 1.00 1.1% 1.27 1.33 1..•4 1.40 1.13 0.59 Lo.J 1250

a.54 6.65 O.?' 0.61 0.66 10.8? 768 0.I 0. 10-.4.1?-.4.'S-8.92-1.43-L.69-2.32 1325

-•*1.7g2.-2.41*-2.64-2.3-26Z.6-2.?72-12.16-2.0%-1&v'.-1.6-1.76-1.?1 -1.70 iss'.
-26e-0-02$?• -01?2-¶.OC•9-••Z 1••-

5 4
wS2-.35.C>.0O 1t.25

- c. I-. h0-5, do0-5. ('!-s. ua-5. C .-5 S. a-S.0-5.C 0- 5. .a 0-5. 0a -. 0-S. .1-2 C , 1702

-5.Ul-5.C3-5.80-5.C?•-1.C8-5.653-.00-5!.iO1-5.C0-5.CO-?5.0 -4.33-3•.'2-3. 17-.35 1775

-3.Oq-2.93-2.T.-2.39-Z.O1--1.59-1.36-0.9)9-3.t3-c.Z •3.00 0.08 .. 11 8.12 0.L2 2CQ:
6j.07 6I.01-.04O-O.2-.'.40-0.51-:.53-&.57-.b.U-1C.61.2.7.3.0n.,-0.95-1.US-a.22 Z275i

-g.q1-8.S6-8.nl-0.iiOA.i 006.1 .76 1.00 1.16 1.39 1.51 1.58 1.b6 1.71 1.5. Z15C
1,91 ?..0 2.13 ?.3? 2.51 2.61 >.09 2.51 ?.e9 2.4S !.O#4 !.1# 3.27 3.41 3.S 2225
3.72 3.46 16.03 4.2?1 1.4? 4.61 4. 71 64.3 6.f5 4.63 4.?2 4.78 4. Y9 *..53 3.62 2303
"3*.6 2.79 2.30 1.6; 1.35 0.6-7'5-1.69-2.18-2.01-1.T9-1.55-1.3?--.2G-1.1% 2375

-1.17-1.15-1.25-1.2%-1.?0-1. 17-1 * 2-1. 3-1 .5'-:'...-2.ib-2..33-2.26-2. 01-1 .71 2450 •
1- 36- I.06 - .61 -0.E1- 0 -`9 - 0 r - 3 7 -- .49 -1 6- C . 3 F-rI` II -0 3. -0 49- a°.? `1 t1 2525 .

-1.Q3- I -o-?.60-r.6 q-z.e2-?.r.-f .i-z2.o2-z.36-2.39- .42-i.e4Lt-..4s2. .48--.23 is63 r ?

-2 ~. 26-221 ML C- Z .0Z. C .- I)C---. 3----S - I.F6- I.79 73-IS-Z5

_• . -_,j •' " ,,.s = L .,V,-L . '-•.. .O - . n-cj3-d .ne:-d . •-,c.rl-Z.bt-,2.692°.4*.u-.32 2675 >

-IS4-.6•9-1 .7b1.1?- .RA 78T•-163-1.50-1 •37-1.2-1.0-0.65-0.6-0 .5-2.;1 ZoZS

-0.30-0.19-0,09-0.04 0.02 0.10 0.16 0.18 0.23 0.26 G.27 0.2* I.24 6.-? 0.17 2900 c
0.12 c.07-0,0j-O.0?-0.0g 0.32 C.?? 0.91 1.12 1.03 >67 0.:. -C971-3.35-0.? 2975

-3.17-U.06-0.@I 6.61 6.13 1.18 .. •4 0.27 3.29 A.so :.2q 0.2f 0.23 3.21 0.13 3050
8.69 0.02-O4-6.19-e.32-C.51-..72-C.96-1.18-1.50-1.62-1.81-2. 0-2.2-2.1. 31-25

°2. s?-Z.qe, -3,o03-3.21-5.0O-5.,10-5.O0-5. I0-5.0Ul-5+0C•-5. 0C-5.r -5. 00-5 .00,-5. 0I 3200 E<

-S . ,9 -4-. 01- 3.116- 3.-01 -Z .6 3- 2 3 -? - 09- 1. :?8-1. q#4 - 2.-00-2 .x 14 -2- Z -Z.,•' 4- Z . 0Z-I.-8 Z JZ75
-1 .99 - 194 3-Is3-1. .6- fli- I. 6 - 1 90- 2. 9 i- 2.5•- 4 91 - 3. 2 5-3. 6 1 -3. 7 2- 3. 6 4- 3. 5• 0 - . 4 1. 33.,'

-3.37-3.3-3.16-3.1- 2 .76-2.51-2. '10-1.0-1 . 49-1.22-r .37-a .7- c. .9- a.2z ,&.33 3'.5n

0.20 6.36 6.51 0.61 0.67 0.83 1.00 1.22 1.38 1.Sb 1.70 1.86 2.61 2.20 ?.3& 350V
2.47 ?.61 Z.76 2.9' 3.61 3.65 3.O 2.98 2.96 3.01 3.03 2.•7 2.78 2.'.4.Z.13 3975 >
1.63 1.5q 1.69 1.50 1.67 1.94 ?.22 Z..C 2.71 Z.93 3.12 3.15 3.11 3.15 3.41 3650 M

-Zo.6-;.6I12.63]-2.60O-.z7•T-.53-?. 7-2.66-2. 77-3.9t,-3,.36-3.96S 3. 0-5.03-5.33 360,0
-5.II-5SO l-5.SS-5.SO-5 .06-5.60-5. 00-5.Ueo-i. 0U-5,C0-5.0C-5 .00-5.0o0-$.U0-5..20 3615
-5.ZU-3.1U-3.%S-3.63.1%-3.53-3 56-3.57-3 .53-3.51-!A-3..2-J.26-3.2i-3.16 395S
-3.27-3.3t-3.66-3.95-5.06-5.6O-5. OC-5.00-5. C0-5.,OO-5.0C-5 -5.00-S .03-5.30 6225

-5,6It-5.6O9-5.U6I-5.3III-5.06I-5. 0t-. 06-5. 00 -5.CO-5.600-5. O0-5.600-5. 00-5,.C0-4..o 2 41.0

-'.U7-3.99-3. 6-3.67-3.56-3.42-3. 5S-I..26-3.16-3.14 -3.11-3.03-1. 10-,.12-3.?3 4115
-3.3g9-3. 3e-.3?-3.29-$. 14-3,36e-3.Ug-2.3$-2 •.69-i. 1-3.0L-3.00-$. 1b4- 3.1-3.65 44253

-3.71l-3.9e-.0-5. O U-%.00,•e-'%.6C-4.2,-3.,9•-3.6-3.'.7-3t.1-2.qS-2. 77 2.6•1-2.1.6i 12'S-2.'.1-2.11-2.46-2.36.-2.36-2.2?-z.4-2.351-2.46-z..73-3.z1-6.13-5.Gr,-5.00-.4.c 43I'

-5.6g-5.f6-4..3-Oa.S?-3.99-3.9t6-!.67-3. 73-3.51-3.29-3.13-;Z.93-2.5k-2. X3-Z.b9 •.S53

-b.68-2.l-?.65-2.6?2-.59-L. 5-?.6?-?. Il-3.04-3.Zi-3.39-3.4?-3. 36-4.,21-3.,13 4b62
-?,93-Z.66-?.b)4-2.°-2-.37P-2. 28-?. 26-2.13-2.07-*2.62Z-L. +-1 -1.S-1 .6!-1%4 6O5



TIable A2. 1.istiru of [Data for LWTHAN 2 (Wo011

-1.'1-l.2O-1.O6-0.9%-o.94,-e.8•-t.76-c;.5?->1-C.sO 6.13 O.Ja U.37 0.36 0.3b 6,75

0.35 0.3K 0.39 0.4bý .d., 0.41 .?3-0.0S-Z.36-t.67- .S3-fl.9-•,.s.. V-&A7 485;
-P.'6-.1? O.1 0.44 0.66 O .q9 !.11 :.i .i 1.2 .25 1.26 1.2? i.'11 i.sq 1.;G 49?5

0,5 0.'3 6.9? 0.6.6 0.73 C.74 Z.91 1.01 1.03 0.86 3.?Z 0.61 3.38 6.12-0.71 5275
-C?-0.-5,?-i.?3-1 ?4.-7.1-7.76-1.7&-3. 49-3 51-3.47-3 .39-3.3'-3.43-3.S3-3. 5C 5151-3.3$6-3.18-3.37I-2.9s-3.C8' -3 .14•-.r. 2 -3.23-3. 07-2.83-_2 .'.7 Z .2 1- e.V0r- i~ii-t.78 52'5

S- 1 ., 3 - 1 .1 . 5- i. 27 - 1 , '- :1 . ?6 - i .40 - i ., 7 1 ., ; 8- t. 2 a- 2 . 8 " - !- .? % - 5 . o t - 5 , C o -s . U - 5. 3 5 3 3 0

-- "-,.05-5,0f5.0-5.500,--S.00-5 .00-'.,0V-5.O0-5.0O-5.00-S .00-5.! ,-5,co-•. o:-s,1oa 5375

~ 54.50
i ~ ~-•;.5PL-s.A0-5.e - ,0 s o -.00-5. O .5 0 - .0 .' oC- s,0 c-5 .130- 5.0C-5, -.6 0-5.-5. 8O-5., -5.1 5 325

-5,g1g-5.oc0-S. 17-5. O6 -5 -v. o- 1. Clec . 67o-s 3. 7 -••- .5c-s . 31:-3. 17-2. 9 :- 2. i 3 5600S :- , • e - , • O 5 J O • } . • [ e c . 0 0- '.* 0 0- 5; . 6 0- 5 . 0O 0 - 5 .• 0 0- 5 . 0 0 - 5 . 0 . - S . C C- S. 0 3 - 5. 3 0 56 75

-4. -5. ?O- -5. u1---$ IIZ. .5-0 0 -- 7. 2! I 0-5. -1 .9-5.90-9.0Z-2 50 J-?. 90-. 3- 5. 00 5750.S

-;.oo- ,.s-sop-s.uo-s.os-s.uo-s.cOO-s.oo-s.cg-5.Co-s.OO-5.o -5. 00-5..03-5..0 582"

-3 7'9- % 68-o 3S3- 3 . .- 3. - 39- $3.1 - 3. 1o8-2.97-?.et9-?. 39-? .1 1-1.e8 s-h.-1 -. 44 - 1. ?Z 612
a--' -4.o-. Swu-.68- 0. 5% 0 . 71 r-0. a--.?l. bb5 . 4.e-0 .5L-.56-1 . 3?-. -2 . 4 4~ £2- 3

-3.72-- .,74-1, q 3o.Z?-,_ S?. qj 9 - . j-1. 64-1 . 3 4- o1 . . 66-,• -0 .7 -C.6 1- 0 .7 3 1. 2 6 275

-5.50f-5 .0v-5 .0o-5.03-5.O0 -a.93-4...46-3. 4- 3 .4.5-z.93-7.63-2. 30-2.0q9-2 .02-z2. 1Z 64.75
-?.18-Z.13-7,.04.-1 .7-j.a3-z. as8-.o-?-. k1-3.Ci--3.1-N-3.22-.?--S.•85-3.89-4. 4b t5o -
- .110-5, 0-c0-0 :-5.C'-.C0-5.00 0 0.0C-5.CCO .CC-5.0J-5. 0-5. 0-5.1- 5. 6575"

.4.11A.1- 3. 6I-3.Q09-2 .99q.-.l-2.99- 3 .19-S.20C-3 .36 -3. 62-3. 69-3 .92- 3.,F3 6650
S3-3• 3•7-3. 19--3.CV-. 79-Z.52-2. 36-?. 24-2 .19-Z 32-? .1-2 - - Z. 86-.1-2. 1 b 6?25 -

-?. b7? 91-3. 57-b,, .Sq-5.C 0-5.00-S. 00-5 . 0-5.00-4.6b1 -. 18-3 .89-3. • 7-3.3 3-3, 68CZ

-2.716-?2.5SI-1-. 713- 1.9%-i.73-1 .?1 . 389-i. :i-I 11 -3. 9A- .8 7-3a. 711-)3. 6-0-. 3 7 0. 187 znK.,- V . 54- 0.0 - t.6- 0. A- 0.18 -0.1 9 - ? 3-0 45 1 C2- 1.9 7- 7 4 3-7 1•' - 6.1- 4 '_'O 4. 35 6 153] >

-5 C-5.q•,•'-S. 00-5. 0D-%.00-5 .U55. 8 -S. 00-5. .00-5. 0 .00-5.01-S.10-5. 05-5.01•-30 7100
- C a O - 9; . •, 0 - ' S t o - S. . a 3O -5 . a a - 5 • O c - • C 0 - S . a0 - 5 . 9 0 - 5 . 0 0 - ; 5 . v - 5 0 . I - S .I N o S 0, -5 . 0 . 1 7 1 7 S•

-5. 18-5.. f g -O . 0 r.U-S.0-.C -5 .000-S.0,-5. 0O-5.0- C-5Oil-5. C -. S. 0.0--5. 5.0 717-5

-3.u7 2.1s-.e -3. -4..1?-% 68 .o -. 0 -s0-• 5 5 .G -5. C-5.0 -5.CD-4..51-4.z 7,,.'5

- 3 . 1 ' - 3 . 4 0 1- i 7 - Z . 9 S - 2 . 7 3 - 2 . 6 3 - ? 7 . 55 - 2 . 2 - 5. 7 - 2 F - ? . 4 -2 , 4 Z . 4 - 2 . 6 2 - 3 . 2 1 ' 5 5 ý

- ., 4,9 - &. 16-- 5 00 - 9p. Cr-55.0 8-S .80-5. O 0) -•. 1 0 - 5 .0 0 -5.0C -' 5,.0 0 -5,.0 "• 5 .(0 0-it. it 7-4. 5 a T625

- .4.. 9-5. 100- 9.00-5. Co r-5.0 I-5 . C0-C .00 5. 00- 5 .00-5.00- 5 .0 e-5. 0 -5. 00-5 . so-4..5 Q3 F Y76 5

-#*a;1 -b. 1C-1.7To-3. It?-3.0a3-2 .7To-,'. k3-2.08 -1 a83-1 .59 -1 ?29-1.V 0±-z. a81-0. 7c- F 73 7850.
$-0 .96-1 . qq- .1%- I.-3:i.4-1 . 57-:I. b6-1.85C-1 .91t-2.CL4-Z1t? 3 3-Z. 4-Z C 1-2708 7475
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Appendix B

Basic Flow Chart sr LOWTRAN 2

A general flow chart for L.OWTRAN 3 is given in Figure BI which shows

the overall mode of operation of the program. More detailed flow charts are

also given for the two main blocks in the program, that is, where the equivalent

absorber amounts and refraction calculations are made (Figure B2) and for the

transmittance calculation (Figure B3).

The notation used in the flow charts is as follows:

(1) If a condition stated within a given block is fulfilled, then the direction

of flow is sideways as indicated by the direction in which the block points (for

example, - for the following block 1 ).
(2) If the condition stated within a block is not fulfilled, the flow is down-

wards.

The numbers appearing on the flow charts correspond to the statement numbers

given in the main program (see Table Al).
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(steruive RFfraction tacknme Uid in acbmutine ANrL

I. INTROWJCTION

An iterative scheme is presented here for determining the initial zenith

angle 00 required for a path trajectory froni altitude Hl to H2 for a given earth

center angle po (see Figure Cl), taking into account refraction. The theoretical

background for the scheme can be conveniently divided into upward- and downward-

looking path trajectories.

2. UPWARD TRAJEC I'ORIES (O0 < Q9)

If we let the geometrical angle Ui in Figure Cl be our initial guess for 6 and
0

7 use this in the LOWTRAN 3 program, we can calculate the corresponding 0.

taking refraction into account (Qp >-0 for upward looking paths). It is apparent

that 0 is a function of 0 for a given Hi, H2 and model atmosphere. That is:

13 f(e) , (C1)

We can then differentiate 1 with respect to 0 and write the differential d13 f,(0 )dO

in the form

dO =!1/f'(0) (C2)
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212

FINAL ITERATION

HI

Figure Cl. Schematic for Upward Looking Paths
Showing: (a) The first guess at the trajectory using the
geometrical angle 6 from Hi to H2, Rnd (b) the final
iteration where 6 0 o and 0 =0S0 0

Replacing the differentials by differences, we have

o, - = (0 1( )l' c3)

where 8' is the next guess at 0 That is:

d' =8 +( O l)/t'(6) "C4)

Thun we can substitute G ' in Eq. (Cl) and go through the same procedure described
above to obtain successive iterations, until 8'9 converges fin.,Ay to 00 when
po -- 0 is negligibly smtall (for example, < 10-7 radins,. The major unknowns in

the above equation are f(i) and f'(0) . From Eqe. (9) and (10) of Section 4. 2, it
was seen that

rn-I
(9 a 08) (C5)

98



Thus

rn-1 O a (C 6)
dO d

where m is the number of levels between Hi and 112. Also from Eq. (7)

s in 0in (Rn + 111) +szi) . (C7)

Differentiating the above equatioin with respect to 0, we have

do.
Cosi d n (R 4- H1) cosO/'ni(R + z).

i d 0 10 1

Therefore

do. tan e.
1 1 (C8)Sd tan t

assuming that ni and z. are independent of 0 Similarly, it can be shown that

da i tan a

S'tan 0 9C9)

so that

1N'o) Z a (tan 6i tan ai ( CIO)

Equations (C4) and (CI0) form the basis for the iteration scheme provided in

the subroutine ANGL which contains all the angular calculations given In the main

LOWTRAN 2 program for both upward- and downward-looking paths. For an

initial guess 0, the quantities 0 and No(0) are calculated by summing 0i and

tan 0 - tan ai (defined in Figures 2 and Cl) for each layer along the total extent

of the path trajectory. Using Eq. (C4), a second guess O' is obtained and is used

to obtain successive e0's until the final value of 0 is sufficiently close to 0 0 (for

example, to within 10"7 radians). When the latter condition is satisfied, the final

iteration gives the required initial zenith angle 0o.

t This assumption holds for upward looking trajectories but not for some
downward looking cases where the trajectory passes through the minimum height
HMIN (see Figure 3). The latter case will be discussed in the fonlowing section,
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3. DOWNI04RD TRAJECTRIES (6c 900)

The iteration scheme for determining 0 for downward looking trajectories in
0

identical to that described above, provided that the path does not pass through the

minimum height HMIN I that iS, see Figure 3(d)]. If the path does pass through

HMIN, however, it is apparent that the refractive index between HMIN and the

level above (say, nm) and HMIN are both dependent on successive guesses

of 0.

Consider the case shown in Figure C2 where 112 < HI. For a given initial
guess 6 let us divide the contribution to the total angle 03 into three parts:

HIK

1H12

/
/

-1  --- - -- - -

•-• •-'H MIN

"" "•'•FIRST GUESS

Figure C2. Schematic for Downward Looking Paths Showing the
First Guess at the Trajectory Usin~g the Geometrical Angle 0.
HMIN is the minimum height for the first iteration, which will be
lower than the final value when 0 -- 0. and ] -•
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01 9 and 0-Here Pis the angle between H I anid H2 (on the short side of the
path), 02 Is the angle between H 2and the level ziabove HMIN, and 03 in the
angle from zIi to HMIN. That is =0 + 22+ 2A3 = NO). Then

d' 2d02  2d03
N'O) = __-L_- + 7-56-+ (CI11)

Following the same procedure ou'lined in the previous section, and defining

min 0 1 = n (R 0 + Ii I sin O/n . (H 0 + z.d (C12)

where n now refprs to the mean refraction from H-l to the level below Hll, we can

do k- tn0i a d F(

ihow that

(tan 6. tan a) F 1  (C13

- tn. tn. F (C 15)

d69 do

(where 0 9o.0 ~3 ). Now

sin ~n (RO +1 H)sin 0/n m(R 0+z ) (C 16)

L..L. he L he Zel active kiaLUy betwreii- fIVULN ild zii LIUIC1CI1IL&&tU1j r,.4. I%-LVII

with respect to 6 and dividing by cos L9 we have

dO -tan 6 m ta (d"' (CM7

We will now digress for a moment to show some relationships between HMIN,

nmand 6, which will assist us in defining the quantity dl m /do If we let

X =R 0 + HMIN and write

d1 mdXd (C18)
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then clearly dn m /dX is the mean refractive index gradient above HNMIN, which we

can specify for a given model atmosphere. The other parameter dX/dO defines

the variation of HMIN with 0.

Applying Eq. (C12) and replacing ni, z1 and 0. by n, JIMIN and w, 2

resipectively, we have

n X no (R + I1) sin 0 (C19)

Differentiating Eq. (C19) with respect to 0 and using Eq. (18), it will be seen

that

d- 4 ÷ tan 0 (C20)
dO X ~n niCL

Also, if we assume that n - I varies exponentially with altitude where n is the

mean refractive index, then the refractive index gradient is given bN

dn n-i

where It is a scale height parameter which can be defined as follows:

R = (z I - zi-iI)/log e {(n .i -l l (ni-)I"•

Therefore

dn nm -1 logL n ni(C2 1)
z " z HM IN g T--

Using Eqs. (C18) through (C20) and substituting for dn /dO in Eq. (C17), we have

dO tan r9 /C21
d6 tan O nS ndX

Thus we can now write Eq. (C15) in terms of known quantities:

tan 0 1 / 1.

3 tanG 0 X n dXi
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II
The final expression for the iteration scheme for the general cast where 112 111

and 0 > 900 is

0 1 - 0 "1 (P3 - '•)!(FI + 2 F2 F 2W') 24)

0 F 1  '2F+ 3

whlre F 1 . F"2 and F 3 are defined in Eqs. (W13), (C14) and %C23). For t. e case

where 0 > 900 and 112 > Iil, the above expression would beaomn

SE = 6 + (0 .30)/(2F1 + 2F3 + F)

where F refers to the upwa:d looking contribution from ill to 112 and is given by

F _ (tan 0. - tan ai)'tan 0 "-
r i t r

In the above expression, 0 is the angle of refraction at Ill. That is
r

r = sin' 1 (n sin O/n°)

where n' and n are the mean retractive indices of the layers above and below Hll
0 0

respectively, and 8 is the current initial zenith angle guess,

1
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Appendix D

Symbols ar-d Definitions

AA,,_ .-pýo• n :It f requ-ncv \u -,so C: inri- t s.r. inIn tt. j- C

ARIAZE Aerosol rnmber ijdeusity for \ll)1.,= "

AIIZZ Aerosol number density for MOI)DI. -

AJ E'quivalent absorbe.' amount per km at levc! .1

ALAM Wavelength (/g ni

ALP Angle of arrival at adjaeenit level

ANGLE Input zenith angle (degrees) [compare vith ) in the text]
0

AO Constant A defined in Eq. I(•; that is. (H 4 Ilii 1ii i
t ' 0

AVW Aver;age wavelength used in refractive index expressioa

BET Angle subtended at the earth 's center as path traverqes ad jacent levels
jcfg .i in iq.kB)I

BETA Total angle subtended by path at earth's center [contpa re / in l:Cl. (9)]

BJ Equivalent absorber amount per km at level .; + 1

CA Conversion factor from degrvees to radinns

CO Wavelength dependent coefficient used in refractive index -,cprtsion

CW Wavelength dependent coefficient used in refractive index cxpression

CI Log absorption coefficient for water vapor

C2 Log absorpticn coefficient for uniformly mixed gases

C3 Log absorption coefficient for ozone

C4 Absorption coefficient for nitrogen (-4 pIn)

C5 Absorption coeff.atent tor water vapor continmumn (-10 4 m)

C6 Extinction coeffti ient for inolecular sca•ttering

Preceding page blank



C7 Extinction coefficient for aerosol models

C7A Aerosol absorption coefficient

C8 Absorption coefficient for ozone (UV and visible regions)

D Water vapor amount (pr. cm/km) at level J

DP Dew point temperature (0 C)

SD:ý Path length from level I to Level I + 1

DV Wavenumber increment at which transmittance is calculated

DZ Height increment from level I to level I + 1

l(K) Equivalcnt absorber amounts per km at height HI [see w * in Eq, (2)]

EH(I, 1) Equivalent absorber amount per km for H 2 0 at level Z(I)

EH(2, 1 Equivalent absorber amount per km for CO 2-+ N20 etc at level ZM1)

EH(3, I) Equivalent absorber amount per km for 03 at level Z(I)

EH(4, 1) Equivalent absorber amount per km for N 2 at level Z(l)

EH(5, 1) Equivalent absorber amount per km for H 2 0 continuum at level Z(I)

EH(6. I) Equivalent absorber amount per km for molecular scattering at
level Z(I

EH(7. I) Equivalent absorber amount per km for aerosol extinction at level Z(1)

EH(8, I) Equivalent absorber amount per km for ozone (UV and visible) at
level Z(L)

Ell(9. I) Mean refractive index of layer above level Z(I)

EV Integrated absorber amount from level Itoievel 14 1 [cf W. d,finedin Eq. (15)]13

F Function for determining saturation vapor density of water (gin m)

FO Transmission fanction logarithmic absorber amount scale for 03

FW Transmission function logarithmic absorber amount scale for H 2 0
and the uniformly mixed gases

HI Initial altitude (kin)

112 Final altitude (km)

HAZE Aerosol number density (no. cm-3)

JIM Estimated tanaent height (km)

HMIN Minimum altitude of path trajectory ikm)
HZI Aerosol number denr ity (no). cm -3 for 23 kr visual ra,.ge
HZ2 Aerosol number density (no, cm- 3) for 5 km visual range

I Running integer used as altitude (level) indicator and frequency
indicator

IATM Number of levels ir. model atmosphere

IDV Frequency increment (cm- 1)

IFIND Indicator for using subroutine ANGL

IHAZE Aerosol model indicator

IM Parameter used when reading in a new atmospheric model
(see Section 5. 2. 1)

IP :ndicator for using subroutine POINT to calculate refractive index
only OIP = 0) er equivalent absorber amounts also (IP 4 0).
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ITYPE Indicator for type of atmospheric path (see Section 5.1)

IV Frequency at which transmittance is calculated 1
IVI Starting frequency (equivalent to V 1-see Section 5.1)

IV2 Laat frequency (equivalent to V2-see Section 5.11

IXY Parameter for terminating program arid cycling indicator
(see Section 5.1)

Running integer for altitude identification

JMIN Altitude indicator for minimum heigh of path

JP Print option parameter

Jil Level indicator for altitude HIl

J2 Level indicator for altitude H2

K Absorber indicator, K = 1. 2. 3. etc., corresponds to H 2 0,
uniformly mixed gases. 03 etc. respectively

KI Integer used in reading two model atmospheres on one card
K2 Integer used in reading two model atmospheres oii one card and

cycling parameter for downward looking paths

K4 Frequency indicator for nitrogen continuum transmittanne calculation

L Frequency indicator for ozone transmittance calculation

LEN Parameter used for defining lorngest of two paths (see Section 5.1)

Li Frequency identifier for UV and visible ozone transmittance
calculation

L2 Frequency identifier for UV and visible ozone transmittance
calculation

M Integer used to identify required model atmosphere

ML Number of levels in radiosonde data input (MODEL = 7)

MODEL Integer used to identify required model atmosphere ({ee Section 5.1)

MI Integer for selecting H 2 0 altitude profile for (M=Ml)

M2 Integer for selecting temperature altitude profile for (M=M2)

M3 Integer i.)r selecting 03 altitude profile for (M=M3)

N Indicator for level below given input altitude used in rOINT sub-
routine; also as frequency indicator in UV and visible ozone
transmittance calculation

NH Frequency indicator for water vapor continuum transmittance
calculation

NL Number of levels in model atmosphere data

NP Indicator for determining whether HI or H2 coincide with levels
in the model atmospher

NP1 Value of NP for altitude HI

NP2 Value of NP for altitude H2

P(M, I) Premsure (mb) at level I for model atmosphere M
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PHI Angle of arrival at 112

PI 3.141592654 that is (IT)

PPW Partial pressure of water vapor (in atmospheres)

PS Total pressure in atmospheres

PSI Angular deviation of path from initial direction [cf * in Eq. (12)]

PT Product of total pressure (atm) and the square root of 273/T(M. I)

RANGE Pal. length (kin)

RE Earth radius (kin) (ef Ro in tert)

REF Refractive index uf air at level I

RH Relative humidity (%)

RN Ratio of refractive indices of air above and below a given level

RO Earth radius (kin) read in as input (= RE)
RX Ratio of earth center distances between adjacent levels

R1 The product of the sine of the initial zenith angle and the earth center
distance to starting altitude I

SALP Sine of angle of arrival at adjacent level (cf sin a)

SPHI Sine of the local zenith angle at a given level (cf sin 0) ,
SR Slan~t range (kin)

ouSn Of the uptical thicknesses of absorbers 4 through 8
SUMA Accumulated integrated absorption

T(M, I) Temperature (OK) for model atmosphere M at level I

THET Zenith angle at a given level (in radians)

THETA Zenith angle at a given level (in degrees) i
TMP Ambient temperature (0 C)
TR Transmittance scales for transmission functions

TS Ratio of standard temperature (273,0°K) to temperature at level I

TT Ratio 273.15/(TMP + 273.151

TX(K) Equivalent absorber amounts per km at a given altitude obtained
from POINT; also transmittance values at a given wavelength for
each absorber type (K = 1. 8)

TX(9) Total transmittance at frequency V

TX(1O) Absorption due to aerosol only at frequency V
TXI Refractive index of layer above initial altitude H1

TX2 Refractive index of layer above final altitude 112

TX3 Refractive index of layer above minimum altitude HMIN

V Running frequency (cm- 1 )

VH(K) Integral of the equivalent absorber amounts from HI to level I

VIS Visual ringe (kin) at sea level

VX Wavelength at which aerosol coefficients are read in (gmr)
-1

V2 Initial frequency for transmittance calculation, cm
-1V2 Final frequency for transmittance calculation. cm
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W(K) Total equivalent absorber amount for entire path

WH(M. I) Water vapor density for atmosph#,'iý model M at level I (gin m

WO(M. I) Ozone density for atmospheric; model M at level I (gin m 3 I

WS1 Transmission function scaling factor for H 2 0 at given wavelength

WS2 Transmission function scaling factor for CO 2 . etc.. at given
wavelength

WS3 Transmission function scaling factor for 03 at given wavelength

W2 Water vapor density for atmospheric model M at level I + I (gin m 3

X Input height to POINT subroutine

XD Wavenumber interpolation parameter in UV ozone transmittance
calculation

XH Wavenumber interpolation parameter in H2I0 continuum calculation

XI Wavenumber interpolation parameter

XX Wavenumber identification parameter for UV ozone transmittance
calculationX1 Earth center distance of level I

X2 Eartv center distance of level I + 1

Y Input zenith angle in radians

YN Refractive index of layer below input height from POINT subroutine

YNI Refractive index of layer below initial altitude '.

YN2 Refractive index of layer below final altitude HL

YY Aerosol absorption coefficient at frequency V

Z(D Altitude at level I in km

I

I
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